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SUMMARY 
This study aimed to expand the existing knowledge on the diversity and distribution 
patterns of intertidal fishes in the Sardinia Bay MPA and adjacent open access areas. It 
focussed particularly on in intertidal fish communities along the Agulhas Bioregion 
coast which has been understudied, especially in recent years.  Typical resident species 
belonging to the family Clinidae were the most abundant, conforming to previous 
studies. Species from the family Gobiidae were the second most abundant in this study 
but this family was not previously recorded as being abundant. Transient species were 
unimportant in the current study which is in contrast to previous studies in the region 
and suggests a change in species composition. Certain transient species utilised 
intertidal rockpools as part of their nursery areas in the Eastern Cape, as has previously 
been found around Algoa Bay. A decrease in species richness from east to west was 
recorded in this study which has been noted by previous authors and the diversity and 
distribution patterns of the intertidal fish in the current study conformed to patterns 
found previously. The position of the biogeographic boundary between the Agulhas and 
Natal Bioregions could not be confirmed but Wavecrest (along the Transkei coastline) 
appeared to be part of a transition zone rather than a fixed break. More sampling 
around this area is recommended to determine the location and understand the 
dynamic nature of this boundary. The fish species were found to be vertically 
distributed across the shore with most of the resident species being more abundant 
across the low shore while the transient species were more abundant in the middle to 
low shore pools. This vertical distribution has been found at many sites around the 
world. The volume of the pools proved to be the primary controlling factor while the 
effect of temperature on vertical distribution could not be demonstrated. The benefits of 
the Sardinia Bay Marine Protected Area on this unexploited community of fishes could 
not be demonstrated but the long term benefit of protection has yet to be shown. 
Results from this study suggest that despite the correspondence with general 
biogeographic trends, the intertidal fish community has changed in composition (at 
least in terms of transient species) during the last 30 years and the cause for these 
changes may in part be reduced recruitment from exploited linefish. 
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CHAPTER 1: Introduction to rocky intertidal systems and  
their cryptic fishes 
Marine fishes are highly diverse in species richness, life histories, feeding modes and 
body forms and so manage to occupy a variety of habitats around the world 
(Raedemaecker et al. 2010). The marine habitats range from intertidal shores (Beckley 
1985; Smale & Buxton 1989; Mahon & Mahon 1994; Pulgar et al. 2003; 
Watt-Pringle & Strydom 2003; Costa 2006) through cold water and tropical reefs (Foley 
et al. 2010; Pittman & Brown 2011), to Arctic/Antarctic waters (Egginton et al. 2006), 
and even occupy hadal trenches between 6000 and 11 000m deep 
(Jamieson et al. 2009). Fishes inhabiting rocky intertidal coasts of the Eastern Cape 
coastline, South Africa, are the focus of this study.  
 
Intertidal Systems 
The intertidal zone is the interface between marine and terrestrial ecosystems and 
consequently has characteristics of both. At low tide, intertidal temperatures fluctuate 
with changes in sunlight intensity, salinity in pools alter, and most biota are left exposed 
to air, leaving filter-feeding organisms without food. When the tide returns, the shore is 
covered by seawater and subjected to wave action, currents and (in general) a drop in 
temperature. Resources such as dissolved oxygen and a range of nutrients (e.g. 
particulate matter, carrion, plankton and other organisms) return to the shore (Gibson 
1982). These fluctuations happen once or twice daily (Gibson 1982) with the rise and 
fall of the tide.  
Different types of intertidal coastal habitats can be distinguished based on the 
substratum and the amount of water movement experienced (Branch & Branch 1983). 
The most common intertidal habitats (along the South African coast) are rocky shores, 
sandy beaches and estuaries. Intertidal rocky coastlines for example have a firm 
substratum which allows the attachment of plants and animals, but are frequently 
exposed by the tides and under the influence of strong wave action 
(Branch & Branch 1983). Because of this, rocky shores do not have uniform 
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environments, but do exhibit a diverse range of organisms (Araujo et al. 2006). Sandy 
beach ecosystems are transition zones between the continental and marine margins and 
have unstable soft substrata continually being reworked and modified by waves, tides 
and currents (Branch & Branch 1983; Bergamino et al. 2011). The primary physical 
drivers of beach ecosystems are wave height, period, and sand grain size 
(McLachlan & Brown 2006). These regulate beach slope, swash processes and 
morphodynamic states (McLachlan & Brown 2006). Macroinfaunal communities 
respond to these physical factors and so species richness, abundance, biomass and 
distribution of the animals change with changing beach morphodynamic states 
(Bergamino et al. 2011). Estuaries, in contrast, develop where marine and freshwater 
meet as rivers flow from the land into the ocean (Harrison & Whitfield 2006). Estuaries 
too are subjected to tidal influence and so experience fluctuations in the physical 
environment, particularly changes in salinity, temperature, dissolved oxygen and 
turbidity (Harrison & Whitfield 2006). Unlike rocky shores and sandy beaches, estuaries 
and estuarine-associated systems such as mangrove swamps and salt marshes, develop 
in the absence of wave action. Each of these intertidal habitats due to their unique 
physical nature develops unique assemblages of organisms and so intertidal 
communities based on local conditions (Branch & Branch 1983). 
In contrast to marine habitats, coastal environments are stressful habitats.  Changes in 
physical and chemical factors are often abrupt, posing a considerable physiological 
challenge on organisms (including intertidal fishes) that occupy these ecosystems 
(Harrison & Whitfield 2006). Intertidal organisms require special physiological or 
behavioural adaptations to tolerate the constant flux in temperature, aerial exposure, 
wave height and force, salinity and/or salt spray (Barnes & Hughes 1999). In 
comparison to subtidal systems (e.g. reefs), intertidal communities are low in diversity, 
abundance and biomass (Mahon & Mahon 1994; Ford et al. 2004).  
 
Rock Pool Habitats 
Rocky intertidal shores exhibit high primary and biological productivity (relative to 
offshore habitats), strong seasonality and high physical disturbance 
(Raedemaecker et al. 2010). A biologically and ecologically important feature of rocky 
Chapter 1: General Introduction 
6 
 
shores is rock pool environments; these pools mitigate many of the stresses associated 
with rocky intertidal life. Pools form as a result of the particular geology and 
geomorphology of the shoreline (Waller et al. 1996) coupled with tide range. Sandstone 
is particularly prone to pool formation.  
Rock pools are de facto extensions of the subtidal habitat into the intertidal zone and 
provide potential refuges to marine organisms (Mahon & Mahon 1994). However, these 
pools represent discrete environments isolated in time and space from the rest of the 
shore, with their own daily and seasonal patterns in temperature, oxygen concentration 
and salinity (Pulgar et al. 2003). The temperature of a pool is influenced by its degree of 
isolation from the tide and its vertical position across the shore. The higher the pool is 
situated, the longer it remains isolated from the tide and the warmer the pool water will 
be. Pools lower down on the shore will be flooded by the tide more often and the water 
will be cooler (Gibson 1982; Pulgar et al. 2003). In general, oxygen decreases with an 
increase in temperature and the temperature range encountered in a particular pool 
depends on the degree of isolation of the pool from the sea (Bustamante et al. 1997). 
Consequently, pools situated higher up on the shore will experience elevated water 
temperatures and subsequently lower oxygen levels. The presence/absence of algae 
will also have an influence on the oxygen saturation of the water as algae alternatively 
respire and photosynthesize (Helmuth & Hofmann 2001). The salinity of a pool is 
influenced either by evaporation or alternatively, by dilution which is caused by 
freshwater run-off (Gibson 1982). These patterns, especially for temperature, are 
dependent on the pool’s vertical position across the shore (Pulgar et al. 2003) as well as 
it size.  
 
Rock Pool Fish Communities 
Rock pools may support a high species diversity and abundance of intertidal fishes but 
these populations are often overlooked in intertidal studies because seaweed and 
invertebrates are more obvious, more abundant, and more easily studied 
(Horn et al. 1999; Griffiths et al. 2003). In addition, intertidal fishes are small in size and 
secretive in nature, generally with low commercial value unless they are part of the 
aquarium trade (Horn et al. 1999). However, these fish populations are valuable 
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elements of coastal biodiversity and ecologically important predator/prey species 
(Beldade et al. 2006). As a consequence of the relatively few studies of intertidal fishes, 
factors that regulate their distribution patterns are not well known 
(Hernandez et al. 2002). In South Africa, the distribution of fishes along the coast is 
thought to be governed by three main factors; temperature, geomorphology and 
biological interactions (Turpie et al. 2000). Of these, temperature is considered the most 
important factor controlling along-shore fish distribution as it creates distinct 
biogeographic regions (Turpie et al. 2000).  
Fishes in the rocky shore intertidal zone can be classed into different categories based 
on how long they remain in this zone (Griffiths et al. 2003). Permanent residents are 
species that spend their entire life in intertidal habitats and are highly adapted to 
withstand the challenges of intertidal life (Macieira & Joyeux 2011). Opportunistic fish 
species spend only part of their life history in the intertidal, usually as juveniles, or they 
are coincidentally trapped in the high shore rock pools during feeding excursions 
(Macieira & Joyeux 2011). Transient fish species only occasionally or accidentally enter 
intertidal environments. They rarely have required adaptations to withstand intertidal 
life and occur in this environment only for a short period of time which could last from a 
tidal cycle up to several weeks (Macieira & Joyeux 2011). Opportunist and transient fish 
species will be treated together as ‘transient species’ in this study.  
 
Eastern Cape Intertidal Fish  
The most common resident fish families of the Eastern Cape coastline are Clinidae, 
Gobiidae and Blenniidae (Beckley 1985b). These fish species are usually small in size 
(< 10cm) and easily startled (Beldade et al. 2006). Like all resident fish species, these 
fish families have evolved and adapted to withstand the rigors of life on rocky shores. 
The family Gobiidae has extreme temperature tolerance and so utilise rock pools that 
are situated higher up on the shore (Beckley 1985b; Burger 1990). However, 
adaptations seem to be behavioural adaptations such as using rugosity for either refuge 
or ambush rather than being physiological (Macieira & Joyeux 2011).  
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These intertidal fishes exploit restricted habitats and use a variety of methods such as 
crypsis and countershading to avoid predation (Beldade et al. 2006). Crypsis is 
frequently used as a predator avoidance mechanism, requiring the fish to remain 
immobile so that it can blend into its background (Cox et al. 2009). Similarly, 
countershading, with a dorsal dark surface or light belly is used to blend in. The dark 
dorsal surface is said to match a dark substrate and obscures the fish when viewed from 
above. The ventral surface is light and reflective which mimics downwelling light and 
obscures the organism when viewed from below (Cox et al. 2009). Other mechanisms 
are also used like disruptive colouration to break up the appearance of the body shape 
so that visually, the fish appears in many sections, not necessarily resembling a fish 
shape. The animal thus mimics smaller elements in the background. Examples include 
fishes with bars, spots or patches that differ in colour or hue from the rest of the body. 
Caffrogobius caffer (banded goby) and Clinus cottoides (bluntnose klipfish) are good 
examples using countershading (Fig. 1.1) and disruptive colouration (Cox et al. 2009).  
Transient fish species tend to be highly mobile organisms utilizing the intertidal zone in 
different ways. One of the most important functions of this zone for transient species is 
to act as a nursery area which provides suitable habitats for the growth and 
development of fishes in the absence of larger predatory fish (Beckley 1985b; 
Bennett 1987; Boehlert & Mundy 1988; Costa 2006). Adult fish of these species spawn 
in or near the coast to facilitate larval access to the shore (Boehlert & Mundy 1988). The 
intertidal habitats discussed i.e. estuaries (Boehlert & Mundy 1988; Potter et al. 1989; 
Strydom 2003; Costa 2006), sandy beach surf zones (Senta & Kinoshita 1985, 
Doherty & Mcllwain 1996, Watt-Pringle & Strydom 2003), and rocky shore tide pools 
(Beckley 1985b) act as nursery areas. However, these are not the only areas; gullies 
(Smale & Buxton 1989) and subtidal bays off rocky shores (Strydom 2008) are equally 
important. The most common transient fish species along the Eastern Cape coastline 
belong to the families Sparidae, Cheilodactylidae and Mugilidae (Fig. 1.1) 
(Beckley 1985b). 
 
Chapter 1: General Introduction 
9 
 
Threats to rocky shore communities 
Threats to rocky shores include habitat modification and destruction due to pressures 
such as development, or invertebrate harvesting (Jennings & Kaiser 1998). The most 
important, natural threat, however though is climate change with changing seawater 
temperatures, acidity and sea level (Philippart et al. 2011). During the last 10- 15 years, 
sea surface temperatures have increased at unprecedented rates 
(Philippart et al. 2011). Other drivers include melting of the ice cover in the Arctic, 
Antarctic and Greenland as well as glaciers (Philippart et al. 2011). This melting in turn 
causes sea level to rise, flooding coastal systems such as rocky shores. Climate change is 
also resulting in seas becoming stormy and precipitation becoming more variable 
(Philippart et al. 2011). Rainfall events and hurricanes have grown in intensity, and 
seasons arrive earlier than before (Philippart et al. 2011).  Even though climate change 
has happened (more than once) before, never has it happened at such a rapid rate. The 
main concern today is whether species and ecosystems are able to respond in time 
(Philippart et al. 2011).   Marine biodiversity is thus under threat and species 
distributions will be altered (Somero 2005). During the past century average global 
temperatures rose by 0.6 °C (Somero 2005). Over the next 60 - 100 years, ocean surface 
temperatures are expected to rise by another 1.8 - 4°C and it is predicted that the sea 
level will rise by 0.2 - 1.4 m (Fulton 2011). This will displace and redistribute intertidal 
communities.  
The major impact of global change is that ecosystem resilience has been altered 
(Root et al. 2003). Fish populations already under pressure from exploitation are more 
at risk (less resilient) to environmental change. Over-exploited fish species (e.g. line fish 
populations) are severely depleted (Sauer et al. 1997; Pauly et al. 1998; 2002; 
Hutchings 2000; Jackson et al. 2001); if they are suddenly challenged with dramatic 
temperature changes, and so changes in their own or prey species distribution (for 
example) stocks could collapse entirely or in the extreme lead to species loss. One 
strategy (or tool) that has been implemented to protect biodiversity and recover fish 
stocks is the use of Marine Protected Areas (MPAs) (Halpern & Warner 2002; 
Gell & Roberts 2003; Russ & Alcala 2004). MPA’s have been proclaimed (explicitly but 
not exclusively) to reduce the rate of biodiversity loss, the loss of abundance (due to 
over-fishing) and the loss of endemism (Halpern & Warner 2002; Gell & Roberts 2003; 
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Russ & Alcala 2004; Wells et al. 2007). No-take marine reserves which ban fishing 
activities but allow non-consumptive resource use (such as diving) have become a 
widely used approach to facilitate the recovery of diminishing marine resources 
(Russ & Alcala 2004; Wielgus et al. 2008). Fish species (or populations) that usually 
benefit directly from MPAs are those that are heavily exploited, to over-exploited.  
 
Conservation of intertidal fish communities 
Evidence for species that respond successfully and rapidly to protection list sedentary 
species with restricted dispersal e.g. coral reef fish and invertebrates (Gell & Roberts 
2003). However, most resident intertidal fish species tend not to be exploited nor 
economically important (Depczynski & Bellwood 2003; Beldade et al. 2006), and so are 
not likely to benefit (directly) from the protection offered by MPAs. However, this may 
not necessarily be the case; an increase in predator populations/abundance in MPAs 
(protecting higher trophic level species) could negatively impact smaller (prey) species 
at lower trophic levels (Russ & Alcala 2004). The success of MPAs on intertidal fish 
communities should therefore be evaluated on a case-by-case basis.  
The Sardinia Bay MPA is a small marine protected area adjacent to the Sardinia Bay 
Reserve (a terrestrial reserve) just outside of Port Elizabeth in the Eastern Cape. This 
MPA was initially established in 1974 as a marine reserve and re-proclaimed as an MPA 
in December 2000 under new legislation, The Marine Living Resources Act of 1998. 
Sardinia Bay is situated to the west of Cape Recife, Port Elizabeth, and managed by the 
Nelson Mandela Metro Municipality. The MPA has a 7 km shoreline length stretching 
between the PECR1 (34° 02’ 21.80” S; 25° 31’ 47.78” E) beacon west of 
Schoenmakerskop and the PECR2 (34° 01’ 49.06” S; 25° 26’ 57.11” E) beacon east of 
Bushy Park. The offshore extent is one nautical mile seawards of the high water mark.  
This protected area contains representative marine habitats of the Eastern Cape 
including rocky shores, a sandy beach, subtidal rocky reefs and subtidal soft-sediment 
benthos (A. Evans, unpublished data). The MPA is a popular weekend recreational area 
but relatively isolated from “weekday tourists”. This area is most frequently used by 
local people walking their dogs or using the beach for horse riding. Despite these 
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disturbances, it is considered unspoiled with little infrastructure or access (see next 
chapter for a description of the study area). The MPA was established as a no-take 
marine reserve and no fishing is allowed inside the reserve boundaries. The effect of the 
reserves’ protection on exploited fish species (rock-and-surf to ~20m depth) is 
currently under investigation. De Klerk (unpublished data) suggests that a recovery of 
exploited fish stocks inside the reserve is evident. The intertidal fish community in this 
reserve has never been investigated, nor the effects of protection on this intertidal fish 
community. 
 
Rationale for this study 
The number of studies investigating intertidal fish populations is less extensive than 
those researching algal and invertebrate species, but intertidal fish communities have 
received some attention at a global level (Thomson & Lehner 1976; Grossman 1982; 
Collette 1986; Yoshiyama et al. 1986; Grossman 1986; Mistry et al. 1989; Mahon & 
Mahon 1994; Willis & Roberts 1996; Polivka & Chotkowski 1998; Faria & Almada 1999; 
Silberschneider & Booth 2001; Faria & Almada 2001; Griffiths 2003). These studies 
focused on the composition, distribution and abundance of intertidal fish populations. 
South African studies that assessed intertidal fish population distributions, particularly 
in the Western Cape, include Penrith (1970), Bennett & Griffiths (1984), Burger (1990), 
Bustamante et al. (1997), Prochazka & Griffiths (1992a), Prochazka & Griffiths (1992b), 
Prochazka (1994a) and Prochazka (1998), whereas diversity and abundance of these 
populations were studied by Bennett & Griffiths (1984), Beckley (1985a), Bennett 
(1987), Beckley (2000), Harrison (2002), Harrison & Whitfield (2006) and Ntunzi 
(2007). Studies on intertidal fish of the Eastern Cape are rare and the pivotal work was 
conducted by Beckley (1985b) on a 20 km stretch of rocky coast around Cape Recife. 
Ntunzi (2007) assessed the diversity and abundance of intertidal fish species around 
East London. The area west of Schoenmakerskop (including the Sardinia Bay MPA) just 
outside of Port Elizabeth has never been studied and the intertidal fish populations in 
this area are virtually unknown. Further, there is no indication as to effects of 
recreational activities or protection on these fish populations.  
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Thesis outline 
To improve the knowledge on the South African intertidal fish communities and in 
particular those of the Eastern Cape, the intertidal fish populations at selected sites 
were studied in terms of species composition, abundance and diversity (Chapter 3). 
These were west of Cape Recife between Bushy Park and Blue Hole (S 34° 02’ 45.2”, 
E 25° 38’ 05.2” to S 34° 02’ 06.9”, E 25° 26’ 21.6”). This chapter also describes the 
communities at these sites in a biogeographical context by investigating the distribution 
of the fishes along other sites of the Eastern Cape coastline. It includes a site (i.e. 
Wavecrest) near the biogeographical transition zone between the Agulhas Province and 
the Subtropical East Coast Province.  
The specific factors that control the vertical distribution of fish species across the shore 
will be investigated to determine whether these populations are governed by the same 
factors that have been shown to govern the distribution of other intertidal fish 
populations in South Africa and in an international context (Chapter 4).  
Temperature has been shown to be the main factor determining this across shore 
distribution of fishes and this will be tested experimentally using two of the most 
abundant species that occur in this assemblage (Chapter 5). 
Research has established that MPAs can facilitate the recovery of exploited fish 
populations (Halpern & Warner 2002) and there is some evidence that this is also the 
case in the Sardinia Bay MPA (W. De Klerk unpublished data), but the effects of 
protection on non-exploited fish species in this MPA are unknown. The intertidal fish 
community in the Sardinia Bay MPA will be studied and compared to communities at 
other sites along the Eastern Cape coast to determine whether this MPA is benefiting 
the (exploited and unexploited) intertidal fish populations (Chapter 6).  
The final discussion (Chapter 7) will synthesize the findings of this thesis and interpret 
these findings in light of climate change and the potential benefits marine protected 
areas may have for intertidal fish communities. 
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a)  b)  
 
c)  d)  
e) f)  
 g) h)  
Figure 1.1: Drawings of seven typical intertidal fish species highlighting a variety of 
body shapes and colour pattern adaptations used. The species represented are a) Clinus 
superciliosus (female); b) Clinus superciliosus (male); c)  Clinus cottoides; 
d) Caffrogobius caffer; e) Diplodus cervinus hottentotus; f) Diplodus sargus capensis; 
g) Cheilodactylus fasciatus; h) Chirodactylus brachydactylus. (Images from 
Smith & Heemstra 1988.) 
 14 
 
 
CHAPTER 2: Study Site and Materials and Methods 
 
INTRODUCTION 
 
Biogeographic region 
The South African inshore coastal waters can be divided into five bioregions (Lombard 
et al. 2004). From west to east, the Namaqua bioregion extends from north of the 
upwelling cell at Lüderitz (Namibia) to Cape Columbine (Western Cape, South Africa), 
the South-western Cape bioregion extends from Cape Columbine to Cape Point. The 
Agulhas Bioregion, which is the focus bioregion of this study, ranges between Cape 
Point and the Mbashe River (Eastern Cape Province). The Natal Bioregion extends from 
the Mbashe River to Cape Vidal (KwaZulu-Natal) and the Delagoa Bioregion extends 
from Cape Vidal into Mozambique (Lombard et al. 2004).  
 
STUDY AREA 
The sampling was contained within the eastern sector of the Agulhas Bioregion with the 
exception of one site, which is an ‘outlier’. This is Mngazi, the site just to the north of the 
expected bioregional break in the Natal Bioregion. Wavecrest (Fig. 2.1) was the site 
furthest east in the Agulhas Bioregion. Other sites sampled include Blue Hole, 
Sacramento, Sardinia Bay and Bushy Park (Fig. 2. 1). To assess bioregional trends, data 
from an additional four sites were included. These sites were sampled by Ntunzi (2007) 
around East London (Fig. 2.1).  
To evaluate across shore patterns and the effect of protection on intertidal fish, the 
study focussed on a selection of sites along a stretch of rocky coast west of Cape Recife 
near Port Elizabeth (Fig. 2.1). This coastline is typified by jagged rocks of quartzitic 
sandstone and has numerous pools and gullies (Beckley 1985b). This coast is also 
exposed to severe wave action as most waves approach from the south and south-west 
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as they are generated by storms moving from west to east (Beckley 1985b). The 
intertidal shores at Bushy Park, Sardinia Bay and Sacramento were similar in terms of 
rock pool size and exposure because they are adjacent to each other. The pools at Blue 
Hole were generally larger but the shore experiences the same level of exposure as the 
other three sites. 
 
 
Figure 2.1: Location of the main study area (west of Cape Recife) and the additional 
sites sampled along the shore in the eastern sector of the Agulhas Bioregion. Four sites 
around East London (Kei River to Kidds Beach) were sampled by Ntunzi (2007). 
a) Bushy Park; b) Sardinia Bay; c) Sacramento; d) Blue Hole; e) Kidds Beach; f) Gonubie; 
g) Haga Haga; h) Kei River; i) Wavecrest; j) Mngazi 
 
Site Selection Criteria 
Sampling sites were chosen to represent typical rocky shore habitats i.e. without 
obvious disturbances like storm water drains, facilitated by accessibility and reasonable 
personal safety. The sites around Port Elizabeth were chosen to represent sites both in 
Cape Recife 
Ntunzi (2007) 
a, b, c, d 
e 
g 
f 
h 
i 
j 
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and adjacent to the marine protected area, Sardinia Bay. These sites were similar in 
terms of geomorphology and the presence of pools while some sites were more exposed 
to wave action than others. Sampling took place over an 18 month period, between 
21 March 2008 and 18 September 2009. No rock pool was sampled twice during this 
time, and sampling was randomized among sites to eliminate seasonal biases in data 
collection.  
  
Sampling Procedure and Sample Processing 
The sampling procedure was replicated at each site. All sampling was done at spring 
low tide. Rock pools were selected at each site to represent a range of levels across the 
intertidal (high shore, mid-shore and low-shore) by assessing the floral and faunal 
assemblages of the pools. The primary selection criterion per pool was that it had to be 
isolated from the sea at low tide (to limit the distribution of the ichthyocide, Rotenone). 
Once the pool was selected, it was photographed, the dimensions measured i.e. the 
length (cm), breadth (cm), and depth (cm) (Fig. 2.2 A) and the percentage cover of algae 
(per species) was estimated using a graduated 0.5m X 1m quadrat (Fig. 2.2 B). The 
invertebrate species richness and abundance in the pool was recorded. Rotenone was 
added to the water and all fish were collected with hand nets (Fig. 2.3 A) and rapidly 
chilled and stored in a cooler box with ice. The pools were coded according to their 
position on the shore for analysis (L= Low, M= Middle, H= High).   
In the laboratory, the fish were identified to species level using dichotomous keys 
(Smith & Heemstra 1988). Each fish was weighed (g) and measured (TL= total length, 
SL= standard length, FL= fork length) (Fig. 2.3 B). The fish were then labelled and stored 
in 10% buffered formalin for a week and then transferred into alcohol for long term 
storage and ultimate accessioning of vouchers in the South African Institute for Aquatic 
Biodiversity (SAIAB).  
Data collected by Ntunzi (2007) in her study on intertidal fishes in areas adjacent to 
marine reserves in East London (also in the eastern Agulhas Bioregion) were included 
in Chapter 3 of this study to gain a broader understanding of the diversity and 
distribution of intertidal fishes along a larger part of the coastline (eastern part of the 
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Agulhas Bioregion). Her sites are labelled as Kidds Beach, Gonubie, Haga Haga and Kei 
River (Fig. 2.1) and where relevant included in the analyses.  
 
  
Figure 2.2: A photographic record of a sampling event indicating the A) the dimensions 
of the pools being measured and B) the algal cover (%) being estimated. 
 
 
Figure 2.3: A photographic record of a sampling event indicating A) the collecting of 
fish using hand nets and B) a number of specimens being identified, measured and 
weighed in the laboratory. 
 
A B 
A B 
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Data Analyses 
All statistical analyses were done using Statistica version 10 (2011) and Primer 
version 6 (2009). The specific tests used will be detailed in each chapter as it relate to 
the key questions.  
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CHAPTER 3: The Alongshore Distribution and Diversity of Intertidal 
Rock Pool Fishes in the Eastern Agulhas Bioregion 
 
INTRODUCTION 
South Africa has an almost linear coastline (i.e. with the exception of a few large bays 
and inlets) of 3 113 km (Harris et al. 2011). The continental shelf is narrow along the 
east coast, widening along both the west coast and south coast, to its widest point off 
the south-western Cape, where it extends into the large, shallow Agulhas Bank (Griffiths 
et al. 2010). The oceanographic regime around South Africa is dominated by two major 
current systems, the cool Benguela Current along the west coast and the warm Agulhas 
Current along the east coast (Griffiths et al. 2010). The warm Agulhas Current brings 
nutrient poor, tropical waters southward from the equatorial Indian Ocean and is 
strongest and warmest at the shelf break (Griffiths et al. 2010).  Off northern KwaZulu-
Natal, the Agulhas Current flows close in shore but it moves offshore off Durban as the 
shelf widens and moves well offshore south of East London, following the edge of the 
Agulhas bank and eventually retroflects south of South Africa (Schuman 1987; Griffiths 
et al. 2010). The marine biota of South Africa is highly diverse and there are currently at 
least 12 914 recorded species, although many taxa, particularly small bodied animals, 
remain poorly documented (Griffiths et al. 2010).    Endemic fish species make up 13% 
of all the fishes found in southern Africa and are focused mostly off the south coast 
(which is also the focus of this study). 
Diversity is often regarded as the variety of forms of life and is conventionally measured 
as the number of species (i.e. species richness) or using measures that incorporate 
relative proportions per species like the Shannon diversity index (Desrochers & Anand 
2004). Biodiversity on the other hand is defined by Mace et al. (2005) as the “quantity, 
variety and distribution across biological scales ranging through genetics and life forms 
of populations, species, communities and ecosystems”. Biodiversity is influenced mainly 
by abiotic factors and previous studies have found relationships between diversity and 
latitude, climate, habitat heterogeneity and habitat size (Therriault & Kolasa 1999). 
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Biotic factors may also influence species diversity and this occurs through predation, 
competition, mutualism and interference (Therriault & Kolasa 1999).  
Biogeography is defined as the study of biological life in a spatial and temporal context 
and is concerned with the description and explanation of patterns of distribution 
(Lombard et al. 2004; Sink et al. 2005).  Biogeographic patterns are useful because they 
identify those parts of the world that host the more unique biotas such as areas of 
evolutionary innovation or refuges where an older biota exists (Briggs & Bowen 2012). 
Many studies have been done on the marine biogeography around the South African 
coastline and between two and five broad coastal biogeographical provinces have been 
described with discrepancies regarding the naming, levels of dissimilarity, region 
boundaries and recognition of overlap zones (Griffiths et al. 2010).  
Day (1981) described three biogeographic regions for estuaries based on water 
temperature, rainfall and river flow along the South African coastline, a Cold Temperate 
West Coast from Orange River to Cape Point, a Warm Temperate region between Cape 
Point and the Great Kei River Mouth and a third Subtropical region between the Great 
Kei River Mouth to Mozambique. Harrison (2002) redefined these regions and 
boundaries into a Cool Temperate region from the Orange River to Cape Agulhas, a 
Warm Temperate region from Cape Agulhas to Port St Johns and a Subtropical region 
from Port St Johns northwards.  
Using intertidal fish distributions, Prochazka (1994a) suggested five biogeographic 
provinces. The Namaqua Province between Lüderitz and Koppie Alleen, the Agulhas 
Province from Tsitsikamma to Port Alfred, the East Coast Province (divided into two 
provinces); from Pennington to Durban and Durban to Kosi Bay, and the Namib 
Province from Namibia to Rocky Point (Prochazka 1994). Turpie et al. (2000) suggested 
three provinces using the presence or absence of shelf associated fish species, the Cool 
Temperate West Coast Province from the Orange River to Cape Point, the Warm 
Temperate South Coast Province from Cape Point to Port Edward and the Subtropical 
East Coast Province from Port Edward to Kosi Bay.  
A recent national assessment of marine biodiversity in South Africa has synthesized all 
the existing information from these and other studies and has defined nine marine 
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bioregions off the South African coast (Griffiths et al. 2010). The coastline is divided into 
five bioregions and the offshore environment is divided into four bioregions. The cool-
temperate Namaqua Bioregion of the west coast and the warm-temperate Agulhas 
Bioregion of the south coast are separated by a broad overlap zone which is termed the 
South-Western Cape Bioregion, the subtropical Natal Bioregion of the east coast merges 
in the north into the tropical Delagoa Bioregion which extends northward into 
Mozambique (Griffiths et al. 2010). There is no overlap region between the warm-
temperate Agulhas Bioregion and the subtropical Natal Bioregion and the exact 
boundary between these two bioregions is a contentious issue amongst authors. 
Briggs and Bowen (2012) in a recent global review described the biogeographic break 
between these provinces to be at about the mouth of the Kei River. 
These biogeographic regions are defined based on the study of the distribution of fishes 
in time and space and the factors that are responsible for the observed patterns. The 
factors that regulate the distribution patterns of highly mobile organisms, like fishes, 
are not well known (Hernandez et al. 2002) and this is because these fish have evolved 
in different ways and different species use this intertidal area of the coastline for 
different reasons. Intertidal fish are grouped based on the amount of time they spend in 
the intertidal zone (Griffiths et al. 2003). Permanent residents are species that spend 
their entire life in intertidal habitats and are highly adapted to withstand the rigours of 
intertidal life (Macieira & Joyeux 2011). Transient fish species occasionally or 
accidentally enter intertidal environments; they generally have no/few adaptations to 
withstand intertidal life and only occur in this environment for a short period of time 
which could last from a tidal cycle up to several weeks (Macieira & Joyeux 2011).  
In South Africa, the distribution of fishes along the coast is thought to be governed by 
three main factors, namely temperature, geomorphology and biological interactions 
with temperature being thought to be the most important controlling factor 
(Turpie et al. 2000). Many studies have been conducted on the distribution and species 
composition of intertidal fishes along the South African coastline but none of these 
studies have been conducted at sites west of Cape Recife. This study concentrates on 
describing the distribution and diversity of intertidal fish populations found mainly 
along the eastern half of the Agulhas Bioregion at sites that have previously not been 
studied. This study also investigates fish species closer to and as part of the 
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biogeographic break between the warm-temperate Agulhas Bioregion and the 
subtropical East Coast Bioregion. The specific aim of this study is to describe the 
(previously unknown) along-shore distribution patterns and diversity of the intertidal 
fish community along the eastern half of the Agulhas province. This was done by 
sampling selected sites around Port Elizabeth, (S 34° 02’ 45.2”, E 25° 38’ 05.2” to S 34° 
02’ 06.9”, E 25° 26’ 21.6”), and comparing it with sites sampled by Ntunzi (2007) as well 
as sampling Wavecrest further up the east coast (S 32° 35’ 29.6’, E 28° 31’ 26.3”) closer 
to the biogeographic break, and at Mngazi, north of the bioregional break.  Key 
questions to be investigated in this chapter are: i) are there differences in the species 
richness, diversity indices and abundance in fish communities along the coast; ii) are 
there differences in the intertidal fish community composition from east to west along 
the shore, and iii) are the contributions by migrant and resident species the same along 
the shore? 
 
MATERIALS AND METHODS 
The fish community was sampled by collecting intertidal fishes from six sites over a 
period of 18 months and processed as described in Chapter 2. The fish community along 
the shore was described in terms of species richness, diversity indices, abundance and 
biomass per site. Additional data were obtained from Ntunzi (2007) to enhance the 
along-shore distribution of sites to total 10. However, as only summarized data 
(numbers of individuals per species per site) was available for the data collected by 
Ntunzi (2007) without an indication of effort, the data for the along-shore distribution 
(for the 10 site comparisons) were treated in an presence/absence format or using 
absolute abundance (without a conversion to per effort or pool size/volume).  
 
Data Analyses  
The fish community for the (six) sampled sites were described by the number of 
individuals, the species richness, the biomass and the Shannon-Wiener index ( H’, using 
loge) for diversity and Pielou’s evenness index (J’).  Shannon-Wiener can be described 
by the following equation: 
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H’= - Σ pi loge  (pi ) 
 where pi is the proportion of the total count arising from the ith species (Zar 1999). 
 Pielou’s Evenness index was calculated as:  
J’= H’ (observed)/ H’max 
where H’max is the maximum possible diversity which would be achieved if all species 
were equally abundant (= log S) (Clarke & Warwick 1994). 
A dendrogram was used to determine the similarity of the fish community structure 
between sites by using the total abundance of species (35 variables [= species] × 
10 sites) and the results were plotted using a nonparametric multidimensional scaling 
(nMDS) plotted in two dimensions. To achieve this, data were fourth-root transformed 
to downplay the abundant species, and matrices were built with the Bray-Curtis 
similarity co-efficient (Macieira & Joyeux 2011). There were differences in sampling 
effort (due to the availability of pools) at each of the sites and to be able to compare the 
composition of resident and transient species at each site, the average fish abundance in 
each pool per site was calculated. Species accumulation curves were plotted in Primer 
Version 6 (using the Bootstrap index with 999 permutations) to determine whether the 
diversity was under-sampled due to the difference in sampling effort between sites (as a 
complication of pool availability and access).  
 
RESULTS 
General Intertidal Community Description 
A total of 173 rock pools were sampled at six sites with a total of 3 434 fish collected 
belonging to 33 species in 12 families (Appendix 3.1).  The gobies and clinids were by 
far the dominant families with the highest number of individuals per species and the 
most species per family represented. The ten most abundant species across all sites 
sampled (Fig 3.1) were a combination of resident intertidal species (such as Clinus 
cottoides, C. supersiliosus and Caffrogobius caffer). A large number of non-resident 
species, such as Chirodactylus bracydactylus, Diplodus sargus capensis and Sparodon 
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durbanensis were also collected. There was substantial variation among the sites but 
general trends were detected providing that each site is treated as a discrete site 
alongshore. Resident species (such as C. cottoides, C. supersiliosus and C. caffer) showed 
an increase in abundance from west to east while the transient species were highly 
variable with no distinct pattern. Three specimens of Natalichthys ori, or the Natal 
Snakelet, were recorded beyond its typical distributional range. Specimens were 
recorded during spring (Sept/Oct) in pools at Blue Hole and Bushy Park. This species 
was previously only known to occur in the area around the Umhlangankulu River in 
Natal (Smith& Heemstra 1988), so this might have been a seasonal range extension. 
Chirodactylus brachydactylus (Cheilodactylidae), Sparodon durbanenis and 
Diplodus sargus capensis (Sparidae) are transient fish species that are thought to use 
rock pools as nursery areas. C. brachydactylus can reach a length of 400 mm at maturity 
(Smith & Heemstra 1988), but all the individuals collected in this study were less than 
151 mm in length, with most (> 90 %) being smaller than 61 mm (Fig. 3.1).  
D. sargus capensis mature at a length of 450 mm (Smith & Heemstra 1988) but the 
majority of individuals collected during this study were less than 31 mm in length (Fig. 
3.1). S. durbanensis mature at a size > 1 m (Smith & Heemstra 1988) and all the 
individuals found in the rock pools in this study were less than 161 mm. The specimens 
for all three species are therefore confirmed juvenile fish.  
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Figure 3.1: Length frequency distributions of the ten most abundant species collected 
from all the sites in the eastern Agulhas Bioregion.  
 
A comparison of the number of species obtained in this study, with those from other 
studies across the South African south coast suggests that there is an increase in species 
richness from west to east. A total of 13 species was recorded on the Cape Peninsula 
whereas 52 species were recorded in East London (Table 3.1). Noting that effort was 
not standardized across the studies and results should be interpreted with caution, the 
number of species relative to abundance was still disproportionately high towards the 
east.  
 
Chapter 3: Along-shore distribution, diversity and abundance of rock pool fishes  
 
 
26 
 
Table 3.1: Species richness and abundance values for comparative studies along the 
Agulhas Bioregion. 
Site Source Species Richness Fish Abundance 
Cape Peninsula Bennett & Griffiths 1984 13 1028 
False Bay Bennett & Griffiths 1984 16 513 
Koppie Alleen Bennett 1987 21 2595 
Outside of Port Elizabeth* Chapter 3 33 3434 
Near Port Elizabeth Beckley 1985b 35 3073 
Port Alfred Christensen & Winterbottom 1981 35 1014 
East London Ntunzi 2007 52 4961 
(* indicates the sites in the current study from Bushy Park to Wavecrest). 
 
Species Richness, Diversity and Abundance 
It has been established that sampling effort has an effect on observed species richness 
i.e. greater effort will sample a greater proportion of species (Greenstreet & Piet 2008). 
However, with time and the availability of pools, especially at distant sites from Port 
Elizabeth, the sites might have under-sampled total species richness. To estimate 
sampling efficiency, two representative sites were selected for this analysis. Species-
Accumulation curves (Fig. 3.2) were constructed for Blue Hole and Sacramento (in 
Primer Ver.6) to estimate the number of species added per rock pool.  Blue Hole was 
selected based on the high diversity and Sacramento on the large number of pools 
available. The bootstrap curve is a theoretical value re-sampling the data (at 999 
permutations) which are plotted against the actual observed number of species per 
sample (i.e. pool). The species-accumulation curves fitted the theoretical approximation 
relatively well at both sites. In both instances (for Sacramento and Blue Hole) 75% of 
the species were sampled between 19 and 25 pools. However, in both instances the 
curves did not plateau entirely confirming that species richness was under sampled. 
However, the curves fitted the theoretical values well at the 50% estimation. At the 75% 
level it indicated that 2 – 3 species have been under sampled.  
 
Chapter 3: Along-shore distribution, diversity and abundance of rock pool fishes  
 
 
27 
 
 
 
Figure 3.2 Species accumulation curve for Sacramento (21 species over 48 pools) and 
Blue Hole with 26 species in 29 pools. The observed and estimated (using 
bootstrapping) richness is plotted across a number of pools with the 50% and 75% of 
the species sampled indicated. 
 
The expected and observed trends are more similar when using only resident species 
(Fig. 3.3) for Blue Hole. This extrapolation suggests that sampling effort at the six sites 
(ranging 6 - 48 pools per site) sampled at least 50%, but most frequently closer to 75% 
of the available species and at least 75% of the resident species (at 10 pools) (Fig. 3.3). 
50% 
50% 
75 % 
75% 
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It was concluded that the number of species sampled per sites should be representative 
and therefore comparable despite the variable effort. It was estimated that more than 
50% of the species, and often 75% of the (resident) species have been sampled 
providing that six or more rock pools were sampled. 
 
 
Figure 3.3 Species accumulation curve plotted for 19 resident species (only) sampled 
from 29 rock pools at Blue Hole. The estimated species accumulation rate (using 
bootstrapping) highlights the effort level at which 50% and 75% of the species were 
sampled. 
 
The physical attributes of the pools sampled along the shore varied widely with location 
and geology. Some sites had more and larger pools than others. Sites closer to Port 
Elizabeth (Bushy Park to Blue Hole; Table 3.2) received greater effort. However, the 
mean abundance, species richness and number of families per pool were calculated per 
site to minimize the effect of effort and enable comparisons between sites.  
The pools at Blue Hole had a larger mean volume (4.9 m3; Table 3.2), and consequently 
higher abundance of fish and fish species richness than the pools at other sites (ranging 
1.5 – 3.3 m3). The pools at Sardinia Bay (2.2 m3) and Sacramento (2 m3) had the smallest 
mean volume amongst the sites in the Port Elizabeth area while the pools at Mngazi 
were uncharacteristically small (at 1.5 m3) out of all the sites sampled. There was no 
50% 
75%
% 
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clear alongshore pattern in the pool size from west to east, and hence the change in 
species richness is unlikely to be an artefact of pool size.  
 
Table 3.2: Summary of the physical attributes and the corresponding biological 
attributes of the rock pools sampled and measurements taken per pool at each site.  
  
Total 
number 
of pools 
Total 
volume of 
pools (m³) 
Mean volume 
of pools (m³) 
(± SE) 
Mean water 
temperature 
(°C) (± SE) 
Mean fish 
abundance 
(± SE) 
Mean fish 
species 
richness (± SE) 
Mean no. of 
fish families 
(± SE) 
Bushy Park 31 101.3 3.3 (± 1.4) 18.6 (± 0.8) 21.9 (± 0.6) 3.2 (± 0.2) 2.1 (± 0.1) 
Sardinia Bay 35 77.1 2.2 (± 0.8) 18.3 (± 1.0) 18.4 (± 0.9) 2.5 (± 0.2) 1.7 (± 0.2) 
Sacramento 48 92.1 2 (± 0.5) 16.0 (± 3.7) 12.7 (± 0.5) 2.5 (± 0.2) 1.9 (± 0.2) 
Blue Hole 29 141.4 4.9 (± 1.4) 18.9 (± 1.5) 41.1 (± 1.6) 4.6 (± 0.3) 2.7 (± 0.2) 
Wavecrest 24 73.3 3.1 (± 1) 17.2 (± 0.4) 6.7 (± 0.6) 2.2 (± 0.3) 1.8 (± 0.3) 
Mngazi 6 9.57 1.5 (± 0.2) 16.1 (± 0.1) 2.7 (± 1) 1.8 (± 0.4) 1.5 (± 0.6) 
 
The diversity (H') of intertidal fish was highest at Wavecrest and Blue Hole and lowest 
at Mngazi (Table 3.3). The diversity (as per H’) of the fish communities at Bushy Park, 
Sardinia Bay and Sacramento were identical. The species at each of the sites were 
evenly distributed (J') (Table 3.3).  
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Table 3.3: Summary of the total abundance, species richness, biomass, diversity (H’) 
and evenness (J’) of the fish community sampled at each of six sites. 
Site Abundance Species richness  Biomass (g.m-3) H' (loge)     J' 
Bushy Park 680 18 7.8 1.6 0.6 
Sardinia Bay* 562 18 9.5 1.6 0.6 
Sacramento 632 21 11.7 1.6 0.5 
Blue Hole 1393 26 5 1.9 0.6 
Wavecrest 160 20 6.7 2 0.7 
Mngazi 16 6 1.4 1.0 0.8 
(* indicates that this site is in a Marine Protected Area) 
Community Composition 
A comparison of the community composition per location against each other (based on 
Bray-Curtis similarity on the fourth-root transformed abundance data) indicated that 
there is fairly clear clustering (Fig. 3.4). All of the East London sites grouped together 
(sampled by Ntunzi, 2007) as did all of the Port Elizabeth sites. The Mngazi site (north-
east) of the biogeographic break was an outlier with Wavecrest the next “closest” site in 
proximity. These two sites were removed from the analysis to construct the MDS plot 
(Fig. 3.5) and Gonubie was another ‘outlier site’. All three sites were removed and the 
data were re-analyzed (Fig. 3.6).The stress value of 0.01 is low (Fig. 3.6), thus a 
comfortable grouping.  
 
Chapter 3: Along-shore distribution, diversity and abundance of rock pool fishes  
 
 
31 
 
 
Figure 3.4 Dendrogram showing the similarity of the sites using Bray-Curtis similarity 
and fourth-root transformation on abundance data per species per site. 
 
 
 
Figure 3.5: Nonparametric multidimensional scaling plot for the comparison of sites 
using the fish community structure. (Wavecrest and Mngazi removed as outliers). 
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Figure 3.6: Nonparametric multidimensional scaling plot for the comparison of sites 
based on fish community composition. (Wavecrest, Mngazi and Gonubie were removed 
as outliers). 
 
To evaluate the communities on the representation by family, the % of the overall 
abundance of each family per site was calculated (Table 3.4).  The family Clinidae was 
the most common across sites in the intertidal contributing more than 50% at four of 
the six sites. The second most common family was the family Gobiidae (Table 3.4) 
ranging 20 – 46% at all the sites. Clinids were more common along the western sector of 
the sample area and the pattern being reversed for Gobiidae. Mngazi, in the Natal 
Bioregion, was heavily dominated by Bleniidae. 
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Table 3.4: Percentage contribution of each family to the intertidal fish community at 
each site, as well as the combined values across all the sites. (- ) indicates absence and 
shaded values indicate the most important family per site. 
  
Bushy 
Park 
Sardinia 
Bay 
Sacramento 
Blue 
Hole 
Wavecrest Mngazi 
All 
Sites 
Ariidae - - 0.2 0.6 - - 0.3 
Batrachoididae - - - 0.1 1.3 - 0.1 
Blennidae 0.1 - 0.2 - 5.6 50.0 0.6 
Cheilodactylidae 2.9 6.4 1.8 8.8 - - 5.5 
Clinidae 52.4 61.4 57.8 60.2 34.4 6.3 56.9 
Congrogadidae 2.4 - 1.1 5.9 - - 3.1 
Gobiesocidae 3.8 3.4 2.9 1.1 - - 2.3 
Gobiidae 36.3 26.5 34.8 20.2 45.6 43.8 28.4 
Ophidiidae - - - - 0.6 - 0.0 
Pomacentridae - - - - 6.3 - 0.3 
Serranidae - 0.4 - 0.5 5.0 - 0.5 
Sparidae 2.1 2.0 1.3 2.7 1.3 - 2.1 
 
 
In a comparison of the relative contribution of resident fish species vs. transient species 
it is evident that the intertidal community was dominated by resident species across all 
sites (Fig. 3.7). The percentage contribution across the six sites was dominated by 
resident species at the sites around Port Elizabeth, particularly Blue Hole, which 
contributed ~ 35% of the total abundance sampled. The number of transient species 
also increased at this site. In general, the transients contributed only about 2% per site.  
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When comparing the abundance of fishes per pool at each site, the average abundance 
of resident species was also higher than the transient species and the average 
abundance per pool of resident species decreased from Bushy Park (mean = 42.4) in the 
west to Wavecrest (mean = 5.8) in the east (Fig. 3.7). There was also a decrease in the 
transient species from Bushy Park (mean = 5.8) to Wavecrest (mean = 0.8) (Fig. 3.7). 
 
Figure 3.7: Average abundance of fish per pool at each site showing the difference 
between resident and transient species.  
 
 
DISCUSSION 
Studies on rock pool fish communities, with a focus similar to this project centred along 
the eastern Agulhas Bioregion are available for 13 other localities along the South 
African coastline. These include 11 published studies and two master’s dissertations. 
Two of these are (also in the warm-temperate Agulhas Bioregion) from the Western 
Cape on the coasts of False Bay and the Western Cape Peninsula (Bennett & Griffiths 
1984).  Two are from the southern Cape coast at Koppie Alleen in De Hoop Nature 
Reserve (Bennett 1987), and Tsitsikamma National Park. This study also sampled 
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subtidal fish species (Burger 1990). Two historical studies are from the Eastern Cape, 
one near Port Elizabeth (Beckley 1985b) and the other north of Port Alfred 
(Christensen & Winterbottom 1981). The study conducted farthest to the east in the 
Agulhas Bioregion is from East London (Ntunzi 2007).  Most of the sites sampled during 
this study, situated west of Cape Recife, have not been previously sampled with the 
exception of Blue Hole.  These sites are located between those studied by Bennett 
(1986) at Koppie Alleen and Beckley (1985b) near Port Elizabeth.  
Typical resident species in the Eastern Cape intertidal zone belong to the Clinidae, 
Gobiidae and Blenniidae (Beckley 1985b). Clinidae are especially well adapted to 
residency in rock pools because they have viviparous reproduction (bare live young) 
(Beckley 1985b; Prochazka 1994b). Species belonging to the family Clinidae were also 
dominant at all the sites making up 57 % of the intertidal fish community. The same was 
found by Bennett (1987) at Koppie Alleen (Clinidae = 78.4 %) and by Beckley (1985b) 
near Port Elizabeth (Clinidae = 53 %). The family Gobiidae was the second most 
dominant group (29 %) in the community. However, there is a contrast with the result 
from the adjacent previous studies. At Koppie Alleen Gobiidae constituted less than 2 % 
of the intertidal fish community (Bennett 1987), and Beckley (1985b) found that 
Gobiidae contributed 8 % of the intertidal fish community. There appears to be an 
increase in the dominance of this family of fishes combined with a relative decrease in 
the dominance of some transient fish species. 
Transient fish species occur in rock pools seasonally or year round but mainly only as 
juveniles because they use this habitat as a nursery area (Bennett 1987). These species 
have their adult populations elsewhere in the marine environment (Bennett 1987). For 
an area to act as a nursery for juvenile fishes, it must be chemically and physically 
suitable and must also provide abundant and suitable food as well as a degree of 
protection from predators (Beckley 1985b). Members of the Sparidae are typical 
transient species. Species within the family Sparidae constituted 26 % of the community 
in the study done by Beckley (1985b) but only made up 2.1 % of the community in the 
current study. The decrease in dominance of this family of fishes could be as a result of 
the over fishing of popular commercial species belonging to the Sparidae. Beckley 
(1985a, 1985b) concluded that Sparodon durbanensis, Diplodus cervinus hottentotus 
(Sparidae) and Chirodactylus brachydactylus (Cheilodactylidae) relied extensively and 
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possibly exclusively on rock pools as nursery areas for juveniles. Bennett (1987) 
disagreed with her findings and concluded that she had overstressed the importance of 
this habitat for juveniles of these species’ as her findings largely conflicted with the 
available information concerning these species’ at the time. He further concluded that 
rock pools have no importance as nurseries for S. durbanensis that occur in the southern 
and south-western Cape. In addition, Christensen and Winterbottom (1981) found no 
individuals of this species in the pools sampled at sites north of Port Alfred. Bennett 
(1987) thus concluded that the importance of Eastern Cape rock pools as nurseries for 
S. durbanensis cannot be clearly assessed. Ntunzi (2007) found that rock pools in the 
East London area were acting as important nursery areas for juveniles of this species as 
well as for Diplodus sargus capensis and Epinephelus marginatus. Although 
S. durbanensis only constituted a small percentage of the community in the current 
study, it was one of the top 10 species and all of the individuals of this species were 
smaller than 160 mm in length and were found at all of the sites sampled. Using this and 
the findings of Ntunzi (2007) the results of this study seems to support Beckley (1985a, 
1985b) in her conclusion that intertidal rock pools are important nursery areas for this 
species, but this is possibly only true for the Eastern Cape coastline.  
Another common species belonging to the family Sparidae present at all the sites in the 
current study was Diplodus sargus capensis. This is a successful inshore species which is 
known to use the shallow marine environment including rock pools, as nursery areas 
(Christensen & Winterbottom 1981; Beckley 1985b). All of the specimens collected of 
this species were smaller than 130 mm in length. The rock pools along the Agulhas 
Bioregion thus seem to act as nursery areas for this species.  
The species richness at each site in the current study showed an increase from Bushy 
Park in the west to Blue Hole in the east and the same trend was found by Ntunzi 
(2007). The species richness (34) found for all the sites in this study was similar to the 
species richness found at sites that were sampled to the east (21) and just west (35) of 
this area (Bennett 1987 and Beckley 1985b respectively) (Appendix 3.1). Comparing all 
the known studies on intertidal fishes in South Africa, a trend of increasing species 
richness from sites in the Western Cape to sites in the Eastern Cape is evident 
(Appendix 3.1). Beckley et al. (2002) came to the same conclusion about species 
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richness in South Africa and the fish population in the current study fits in well and 
conforms to the same trends as seen elsewhere along the coastline.  
Most species of intertidal fish that live in rock pools are not economically important and 
are thus not exploited. However, the transient species that use this habitat as a nursery 
area are frequently commercially exploited and popular angling and spearfishing 
species (Bennett 1987; Mann et al. 1997; Brouwer et al. 1997). The distribution and 
abundance of transient intertidal species around the South African coastline has not 
been well studied. Bennett (1987) found that these species were responsible for the 
increase in species richness from west to east. These species were under-represented in 
the current study and it is difficult to identify trends. The abundance of these species 
seems to be habitat dependent; Blue Hole (with large, low-shore pools) had the highest 
species richness of transient species. Further, Sardinia Bay is situated inside an MPA 
and the site at Bushy Park (directly west) is isolated from public access. These sites had 
the highest transient species richness.  Preliminary results from a masters’ dissertation 
(De Klerk unpublished data) on the effect of this MPA on the protection of line fish 
species suggest that there is an increase in size and abundance of these species inside 
the reserve. The presence of transient species may therefore be dependent on 
protection in MPAs. 
The progressive decline in species richness from east to west contributes to the distinct 
faunal provinces identified for South Africa, and there is a successive replacement of 
sets of species by others in the different provinces (Emanuel et al. 1992). Wavecrest had 
the highest species diversity (H’) amongst all sites sampled but the species richness was 
lower than the sites near Port Elizabeth (Blue Hole and Sacramento). The dominant 
families in the community at Wavecrest also differed with those at the sites near Port 
Elizabeth. Gobiidae constituted 45.3 % of the intertidal fish and the Clinidae contributed 
34.8 %. Epinephelus andersoni (Serranidae) and Pavoclinus laurentii (Clinidae) were 
found exclusively at Wavecrest along with Abudefduf sordidus (Pomacentridae) which 
constituted 6.2 % of the intertidal fish community at Wavecrest and Brotula 
multibarbata (Ophidiidae) which constituted a further 0.6 %. The species community 
composition at Wavecrest was 80 % similar to the communities at the sites near Port 
Elizabeth but showed a clear shift in the dominance of certain families. Mngazi had the 
lowest diversity, species richness and biomass of all the sites but at the time of 
Chapter 3: Along-shore distribution, diversity and abundance of rock pool fishes  
 
 
38 
 
sampling, a strong storm was passing through the area and the wave action was very 
forceful in the intertidal zone and the rock pools were being scoured out by the waves 
which could have impacted on trapping and sampling efficiency. 
Wavecrest and Mngazi were chosen to investigate the influence of the biogeographical 
boundaries on fish communities. In this particular instance it is the break between the 
warm-temperate Agulhas Bioregion and the subtropical Natal Bioregion. Emanuel et al. 
(1992) predicted that the eastern boundary of the Agulhas Bioregion was at East 
London and Prochazka (1994) predicted that it was near Port Alfred. Lombard et al. 
(2004) agreed with Penrith’s (1976) prediction that the boundary between the two 
bioregions was at the Mbashe River north of the Kei River. Beckley (2000) identified the 
region north of East London as a transition zone between the two bioregions rather 
than a firm break. Ntunzi (2007) also concluded that the exact boundary was not clear 
but confirmed that it is situated north of East London. The current study suggests that 
Wavecrest is in a transition zone between the two bioregions. Species at this site were 
characteristic of both bioregions. Additionally, the occurrence of the subtropical N. ori at 
sites near Port Elizabeth suggests seasonal extension of the boundary, but as this is the 
first recorded event for such an extension it may indicate that climate change and global 
warming have had an influence on the biogeographic distribution of fishes.  However, 
this is a single record and should be seen in the context of environmental variability. 
However, it is worth nothing for future studies.  
In conclusion, the previously unknown intertidal fish community found at sites west of 
Cape Recife has proven to be highly diverse and the patterns of species richness 
conform to previous studies around the South African coastline. In the Eastern Cape, 
rock pools are confirmed valuable nursery areas for transient species which may not 
use rock pools as nurseries at other locations along the coastline. There was a possible 
change in the along-shore distribution of at least one species. This may be an effect of 
either climate change or global change (over-harvesting opening new niches) but are 
beyond the scope of this study. Further studies are needed to fully investigate these 
effects.  
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APPENDICES 
Appendix 3.1: Species list with the number of fish caught per species for the ten sites investigating across shore distribution. The grey-
shaded species are common to both studies.   
  Specimens collected in the present study Data from Ntunzi (2007)   
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Antennaridae Histrio histrio 0 0 0 0 0 0 0 1 0 0 1 1 
Ariidae Galeichthys ater 0 0 1 9 0 0 0 0 0 0 10 2 
Batrachoididae Batrichthys apiatus 0 0 0 1 2 0 0 1 0 0 4 3 
Blennidae Parablennius cornutus 0 0 1 0 5 4 0 1 7 3 21 6 
Blennidae Scartella emarginata 0 0 0 0 4 0 0 2 2 3 11 4 
Blennidae Parablennius pilicornis 0 0 0 0 0 0 0 4 0 1 5 2 
Blennidae Antennablennius bifilum 1 0 0 0 0 0 0 0 0 0 1 1 
Blennidae Blenny spp 0 0 0 0 0 4 0 0 1 0 5 2 
Chaetodontidae Chaetodon lunula 0 0 0 0 0 0 0 0 1 0 1 1 
Cheilodactylidae Chirodactylus brachydactylus 20 35 10 122 0 0 22 43 16 3 271 8 
Cheilodactylidae Cheilodactylus faciatus 0 1 1 0 0 0 0 0 0 0 2 2 
Clinidae Clinus cottoides 209 191 253 424 39 0 233 333 84 56 1822 9 
Clinidae Clinus superciliosus 124 110 69 356 4 0 72 163 86 44 1028 9 
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   Specimens collected in the present study Data from Ntunzi (2007)   
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Clinidae Muraenoclinus dorsalis 15 43 26 28 0 1 10 60 5 2 190 9 
Clinidae Cirrhibarbis capensis 5 0 1 24 0 0 21 36 26 6 119 7 
Clinidae Climacorporus navalis 2 1 6 5 4 0 0 1 0 0 19 6 
Clinidae Blennioclinus brachycephalus 0 0 1 0 1 0 2 68 15 1 88 6 
Clinidae Pavoclinus pavo 0 0 1 0 1 0 5 7 18 1 33 6 
Clinidae Pavoclinus graminis 0 0 0 0 1 0 2 14 9 3 29 5 
Clinidae Blennophis anguillaris 0 0 2 1 0 0 2 0 0 0 5 3 
Clinidae Clinus acuminatus 0 0 0 0 0 0 4 0 1 0 5 2 
Clinidae Fucomimus mus 0 0 0 0 0 0 0 0 4 1 5 2 
Clinidae Clinidae (PFL) 0 0 0 0 0 0 0 0 2 2 4 2 
Clinidae Clinus berrisfordi 0 0 0 0 0 0 5 0 0 0 5 1 
Clinidae Pavoclinus laurentii 0 0 0 0 5 0 0 0 0 0 5 1 
Clinidae Pavoclinus mentalis 1 0 0 0 0 0 0 0 0 0 1 1 
Clinidae Pavoclinus profundus 0 0 1 0 0 0 0 0 0 0 1 1 
Congrogadidae Halidesmus scapularis 14 0 7 81 0 0 1 11 0 0 114 5 
Congrogadidae Natalichthys ori 2 0 0 1 0 0 0 0 0 0 3 2 
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    Specimens collected in the present study Data from Ntunzi (2007)     
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Gobiesocidae Chorisochismus dentex 26 19 18 15 0 0 9 35 13 3 138 8 
Gobiidae Caffrogobius caffer 245 148 217 260 61 0 224 667 242 162 2226 9 
Gobiidae Caffrogobius saldanha 1 1 0 17 0 0 92 260 60 29 460 7 
Gobiidae Caffrogobius natalensis 1 0 0 3 1 7 0 0 0 0 12 4 
Gobiidae Caffrogobius gilchristi 0 0 0 1 11 0 0 0 0 0 12 2 
Gobiidae Bathygobius cocosensis 0 0 0 0 0 0 0 1 0 1 2 2 
Gobiidae Coryogalops william 0 0 0 0 0 0 0 0 1 0 1 1 
Gobiidae Priolepis cinctus 0 0 0 0 0 0 0 0 1 0 1 1 
Gobiidae Ptereliotris heteroptera 0 0 0 0 0 0 0 1 0 0 1 1 
Grammistidae Grammistes sexlineatus 0 0 0 0 0 0 0 0 1 0 1 1 
Kuhliidae Kuhlia mugil 0 0 0 0 0 0 3 31 1 2 37 4 
Mugilidae Liza tricuspidens 0 0 0 0 0 0 0 4 74 127 205 3 
Mugilidae Liza richardsoni 0 0 0 0 0 0 55 5 0 125 185 3 
Mugilidae Mugilidae spp 0 0 0 0 0 0 0 1 0 0 1 1 
Muraenidae Mureanid 1 0 0 0 0 0 0 0 0 1 0 1 1 
Ophidiidae Brotula multibarbata 0 0 0 0 1 0 0 1 0 0 2 2 
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    Specimens collected in the present study Data from Ntunzi (2007)     
Family Species 
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Pomacentridae Abudefduf sordidus 0 0 0 0 10 0 0 2 0 0 12 2 
Pomacentridae Abudefduf vaigiensis 0 0 0 0 0 0 0 3 0 0 3 1 
Pomacentridae Pomacentrid 1 0 0 0 0 0 0 0 1 0 0 1 1 
Scorpididae Neoscorpis lithophilus 0 0 0 0 0 0 0 0 20 0 20 1 
Serranidae Epinephelus marginatus 0 2 0 7 7 0 9 10 6 5 46 7 
Serranidae Epinephelus rivulatus 0 0 0 0 0 0 0 5 0 0 5 1 
Serranidae Acanthistius sebastoides 0 0 0 0 0 0 0 2 0 0 2 1 
Serranidae Epinephelus andersoni 0 0 0 0 1 0 0 0 0 0 1 1 
Serranidae Epinephelus spp 0 0 0 0 0 0 0 0 0 1 1 1 
Serranidae Nemanthias carberryi 0 0 0 0 0 0 1 0 0 0 1 1 
Sparidae Sparodon durbanensis 11 8 8 6 0 0 23 13 11 1 81 8 
Sparidae Diplodus sargus capensis 3 3 0 27 1 0 60 452 233 176 955 8 
Sparidae Rhabdosargus holubi 0 0 0 0 0 0 22 13 7 42 84 4 
Sparidae Diplodus cervinus hottentotus 0 0 0 5 1 0 0 5 1 0 12 4 
Sparidae Sarpa salpa 0 0 0 0 0 0 12 19 40 0 71 3 
Sparidae Pachymetopon grande 0 0 0 0 0 0 0 0 1 0 1 1 
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    Specimens collected in the present study Data from Ntunzi (2007)     
Family Species 
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Tetraodontidae Amblyrhynchotes honckenii 0 0 0 0 0 0 0 1 5 0 6 2 
  Total (abundance) 680 562 623 1393 160 16 889 2277 995 800     
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CHAPTER 4: The Across Shore Distribution Patterns of Intertidal Fish 
INTRODUCTION 
Rocky shores in the intertidal zone are harsh environments because of the variability in 
the physicochemical variables across spatial and temporal scales (Griffiths et al. 2003b). 
There is a universal spatial sequence of organisms across the shore that is found 
worldwide (Barnes & Hughes 1999). This is because the shore acts as a transition zone 
between the marine and terrestrial environments, but because of water movement 
associated with tides, waves and salt spray, the transition is gradual and creates a 
habitat in which neither fully marine nor fully terrestrial organisms can thrive (Barnes 
& Hughes 1999). All species live within a characteristic limited range within this habitat, 
and tend to be most abundant at their particular environmental optimum (Bustamante 
et al. 1997).  
Studies on the distribution patterns of organisms in rock pool systems are rare 
(Araujo et al. 2006). Rock pools are isolated habitats with well-defined boundaries and 
in these space-limited systems, there are a number of biological and physical factors 
that interact to determine the community structure such as temperature, salinity, 
volume, height, gradient, algal coverage, competition, predation and exposure 
(Metaxas & Scheibling 1993; Araujo et al. 2006).  Rock pools occur at different levels 
across the shore and as a result the pools highest on the shore will be greatly influenced 
by the incoming and outgoing tides as they are subjected to greater extremes. The biota 
such as algae, invertebrates and fishes inhabiting the different pools has adapted to 
withstand the varying associated environmental conditions.  
As noted previously, intertidal fish communities are made up of resident and transient 
species. Transient fish species use rock pools as nursery areas and/or are accidentally 
trapped here at low tide, while permanent residents inhabit the intertidal zone for their 
entire post-planktonic lives (Gibson 1982; Griffiths et al. 2003; Pulgar et al. 2003). 
Permanent residents use homing as a safeguard so that after high-tide feeding 
excursions fish return to specific pools.  This is presumably because they have 
knowledge of environmental conditions and microhabitat availability in these pools 
(Griffiths et al. 2003).  
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Cryptic intertidal fish use algae and crevices in the rocks for coverage and shelter from 
predators (Bennett 1987). Certain rock pools in the intertidal zone will therefore, be 
more suited to certain fish species. The volume of the pool, temperature of the seawater, 
algal coverage, and position on the shore, level of exposure and substrate type and 
presence of predators could all have an influence on the vertical distribution of 
intertidal fish (Pulgar et al. 2003). 
The aim of this study was to investigate the factors that influence the vertical (across-
shore) distribution of intertidal fishes at sites west of Cape Recife 
(S 34° 02’ 45.2”, E 25° 38’ 05.2” to S 34° 02’ 06.9”, E 25° 26’ 21.6”) on the Eastern Cape 
coastline. It was expected that rock pools with more algae and a greater volume will 
contain more fishes because the algae provides shelter and a greater volume should 
provide a more stable environment and should be able to support more individuals. The 
temperature of the water was expected to play a role in the vertical distribution. The 
expectation is that fish would avoid extreme high temperatures most likely to be 
experienced at high shore pools.  
MATERIALS AND METHODS 
The fish community was sampled by collecting cryptic intertidal fishes from the four 
sites over a period of 18 months (as described in Chapter 2). The fish species were 
categorized by their degree of residency in pool habitats as residents and transients 
(Beckley 1985a; Bennett 1987; Prochazka & Griffiths 1992b; Beckley 2000). The fish 
community along the shore was described in terms of species richness, diversity, 
abundance and biomass per site. These sites were then compared.  
The diversity (H’) was calculated in Primer Ver.6. at each site for each year (2008 and 
2009). In Statistica 10, a t-test for dependent samples (p < 0.05) was then used to 
determine whether interannual differences existed between 2008 and 2009 before 
pooling the data. Data from both year’s sampling were combined to calculate diversity 
indices (H’ and J’) per site.  
Data Analyses  
For the purposes of this study, the pools were categorized into three zones across the 
shore: high shore, mid-shore and low shore. To test if the physical factors of the pools 
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influenced the across shore distribution of the fishes, the data were lumped and 
correlation analyses were conducted in Statistica 10. The number of fish caught, the 
number of fish species and the number of fish families were tested against the volume, 
temperature, total percentage algal cover and percentage foliose algal cover of the rock 
pools. Analyses of Co-Variance (ANCOVAs) were used to establish whether the pools 
position across the shore had any influence on the fish communities found in the pools. 
The abundance data were initially tested for normality by the Kolmogorov-Smirnov test 
(Zar 1999) and the data were shown to be normally distributed. To assess community 
structure, a dendrogram was used to determine the similarity of the fish community 
between sites at each level across the shore by using the abundance per species per site. 
The results were also plotted using a nonparametric multidimensional scaling (MDS) 
plot. The abundance data were fourth-root transformed and Bray-Curtis similarity 
indices were calculated in PRIMER Ver.6. 
 
RESULTS 
A summary of all the physical and biological factors measured at each site is given in 
table 4.1, showing the metrics recorded at each site and the position across the shore. A 
total of 3 258 fish were caught in 143 rock pools at the four sites belonging to 27 species 
in 10 families (Appendix 4.1). The rock pools at Blue Hole had a greater average volume 
than the pools at the other sites (Table 4.1). Bushy Park had the second largest rock 
pools (in m3) and Sardinia Bay and Sacramento had the smallest rock pools (Table 4.1). 
The rock pools at Blue Hole had the highest abundance of fishes and Bushy Park and 
Sardinia Bay had the second highest despite Sardinia Bay having some of the smallest 
pools (Table 4.1). The water in the rock pools at Sacramento was generally cooler than 
the other sites sampled resulting in a concomitant decrease in fish abundance (Table 
4.1). 
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Table 4.1: Summary of the physical and biological factors measured in the rock pools at 
each site and each position across the shore. 
  Bushy Park Sardinia Bay Sacramento Blue Hole 
High shore 4 4 12 8 
Mid shore 8 7 10 8 
Low shore 19 24 26 13 
Total number of pools 31 35 48 29 
High shore 3 6.8 27.1 45.2 
Mid shore 13.7 10.8 9.8 50.3 
Low shore 84.6 59.4 55.3 45.9 
Total volume of pools (m³) 101.3 77.1 92.1 141.4 
High shore 0.7 (± 0.1) 1.7 (± 0.9) 2.5 (± 1.3) 5.6 (± 2.8) 
Mid shore 4.5 (± 0.5) 2.5 (± 0.6) 2.2 (± 0.3) 3.5 (± 3.5) 
Low shore 1.7 (± 2.3) 1.5 (± 1.2) 1.0 (± 0.7) 6.3 (± 1.8) 
Mean volume of pools (m³) (± SE) 3.3 (± 1.4) 2.2 (± 0.8) 2.0 (± 0.5) 4.9 (± 1.4) 
High shore 18.0 (± 0.9) 20.4 (± 1.3) 17.6 (± 0.5) 19.6 (± 1.0) 
Mid shore 18.7 (± 0.7) 17.9 (± 1.1) 14.3 (± 2.7) 18.9 (± 1.5) 
Low shore 18.6 (± 0.6) 18.3 (± 0.5) 17.9 (± 1.6) 18.3 (± 0.8) 
Mean temperature (˚C) (± SE) 18.6 (± 0.8) 18.3 (± 1.0) 16. 0 (± 3.7) 18.9 (± 1.5) 
High shore 25.8 74.3 66.1 38.7 
Mid shore 77.8 44.7 72 69.8 
Low shore 79.7 74.5 79.7 79.6 
 Total algae cover (%) - - -  - 
High shore 0 7.1 24.4 7.3 
Mid shore 30.6 14.7 43.8 48.6 
Low shore 42.4 41.2 30.8 27.6 
 Total foliose algal cover (%) - - - - 
High shore 6.8 (± 0.6) 9.3 (± 1.1) 15.1 (± 0.7) 31.4 (± 2.6) 
Mid shore 19.1 (± 0.8) 10.1 (± 1.2) 10 (± 0.7) 44.5 (± 2.5) 
Low shore 26.4 (± 1.1) 22.3 (± 1.3) 12.6 (± 0.9) 44.9 (± 3.1) 
Mean no. of fish caught (± SE) 21.9 (± 0.6) 18.4 (± 0.9) 12.7 (± 0.5) 41.1 (± 1.6) 
High shore 2.3 (± 0.8) 3.3 (± 0.8) 2.3 (± 0.3) 2.9 (± 0.6) 
Mid shore 3.6 (± 0.3) 2.5 (± 0.4) 2.7 (± 0.4) 5.2 (± 0.6) 
Low shore 2.6 (± 0.3) 1.9 (± 0.3) 2.4 (± 0.3) 5.3 (± 0.5) 
Mean no. of fish species (± SE) 3.2 (± 0.2) 2.5 (± 0.2) 2.5 (± 0.2) 4.6 (± 0.3) 
High shore 1.8 (± 0.6) 2.5 (± 0.7) 1.6 (± 0.2) 2 (± 0.4) 
Mid shore 2.3 (± 0.2) 1.8 (± 0.3) 1.9 (± 0.3) 2.9 (± 0.4) 
Low shore 2 (± 0.2) 1.3 (± 0.2) 2.1 (± 0.3) 3 (± 0.4) 
Mean no. of fish families (± SE) 2.1 (± 0.1) 1.7 (± 0.2) 1.9 (± 0.2) 2.7 (± 0.2) 
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A total of 28 pools were sampled on the high shore, 33 on the mid-shore and 82 on the 
low shore (Table 4.2). The average volume (± SE m3) of the pools was highest on the 
mid shore (3.2 ± 1.5 m³) with the low shore pools being 2.7 ± 1.5 m³ and the high shore 
pools being 2.6 ± 1.5 m³ (Table 4.2). The average temperature of the water in the pools 
at the time of sampling on the high shore was 18.9 °C, the mid-shore was 17.5 °C and the 
low shore was (surprisingly) warmer than the mid-shore pools at 18.3 oC (Table 4.2). 
On average, more fish were caught per pool on the low shore (26.6 ± 1.4) than on the 
mid-shore (20.9 ± 1.2) and the high shore (15.7 ± 1.4) (Table 4.2). The algal cover (%) 
decreased from low shore to high shore pools (Table 4.2). Pools on the low shore thus 
had a greater volume, algal cover and abundance of fishes than the pools on the high 
shore. However, the drivers of these patterns need to be investigated further. 
 
Table 4.2: Summary of the physical and biological attributes measured across all rock 
pools at each position of the shore. 
  High shore Mid shore Low shore 
Total number of pools 28 33 82 
Total volume of pools (m³) 82.1 84.6 245.2 
Mean volume of pools (m³) (± SE) 2.6 (± 1.5) 3.2 (± 1.5) 2.7 (± 1.5) 
Mean temperature (˚C) (± SE) 18.9 (± 0.9) 17.5 (± 1.3) 18.3 (± 0.8) 
Total algae cover (%) 51.2 66.1 78.3 
Total foliose algae cover (%) 9.7 34.4 35.5 
Mean no. of fish caught per pool (± SE) 15.7 (± 1.4)  20.9 (± 1.2) 26.6 (± 1.4) 
Mean no. of fish species per pool (± SE)  2.7 (± 0.7)  3.5 (± 0.5)  3.1 (± 0.4) 
Mean no. of fish families per pool(± SE) 1.9 (± 0.5)  2.2 (± 0.3)  2.1 (± 0.3) 
 
The intertidal fish community across the shore (per level) were investigated for 
differences in the species composition and relative abundances occupying each level 
(Fig. 4.1). Despite very high similarities (>50%), there are two clear groupings across 
shore; 1) all the high shore and mid-shore pools grouped together (57 %) except for 
Blue Hole, and 2) all the low shore pools including all the pools at Blue Hole grouped 
together (Fig. 4.1). The upper intertidal can also (on occasion) be separated into mid- 
and high shore pools such as at Bushy Park and Sardinia Bay (Fig. 4.2).  
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Figure 4.1: Dendrogram showing the similarity in fish communities per level across the 
shore comparing across different sites.  (H= high shore, M= mid-shore, L= low shore).  
 
 
Figure 4.2: Nonparametric MDS plot for a comparison of the intertidal fish populations 
at each position across the shore at each site. (H= high shore, M= mid-shore, 
L= low shore).  
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The contribution of resident and transient populations at each site is shown in figure 
4.3. There are not very clear patterns with regards to rock pool use by resident and 
transient species other than the abundance of resident fish being highest in the low 
shore pools at all the sites (Fig. 4.3). The transient fish species were in general less 
abundant and used the pools opportunistically across sites without a preference for a 
particular zone (Fig. 4.3).  
 
                                            
 
Figure 4.3: Contribution of resident and transient fish species to the total abundance at 
each site and each level across the shore.  
Of the resident species, the clinids were the most abundant, and most frequently 
occupied the low shore (35.2%). Clinus cottoides represented 22.5% of the low shore 
community and Clinus superciliosus represented 11.4% of the low shore community 
(Table 4.3).  Caffrogobius caffer, a shore generalist, was found in pools across the entire 
shore but dominated high and mid-shore pools. Their overall contribution was 16.5% to 
the community (Table 4.3). Species-specific responses were difficult to demonstrate due 
to the super abundance of clinids (Fig. 4.3). Transient species were more abundant in 
the low shore and middle shore pools (Fig. 4.3). Chirodactylus brachydactylus for 
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example contributed 1.3% and 3.4% of the middle shore and low shore abundance 
respectively. Another typical transient species, Sparodon durbanensis contributed only 
0.3 – 0.4% of the middle- and low shore fish abundance (Table 4.3).  
It was hypothesised that the pools position across the shore would have an influence on 
the fish communities found within the pools at each level because of the difference in 
physical variables that occur at different levels across the shore. The position of the pool 
on the shore in this study had no significant influence on the number of fish caught (F0.05 
(2), 158 = 1.32, p= 0.3), the fish species richness (F0.05 (2), 158 = 0.55, p= 0.6) or the number 
of fish families (F0.05 (2), 158 = 0.34, p= 0.7) in the rock pools. 
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Table 4.3: The percentage contribution of each species in the intertidal fish community 
across the different levels on the shore (HS= High Shore, MS= Middle Shore, LS= Low 
Shore). Shading highlights the dominant species. 
Species HS MS LS 
Abudefduf sordidus 0.0 0.2 0.1 
Antennablennius bifilum 0.0 0.0 0.0 
Batrichthys apiatus 0.0 0.0 0.1 
Blennioclinus brachycephalus 0.0 0.0 0.0 
Blennophis anguillaris 0.0 0.0 0.1 
Brotula multibarbata 0.0 0.0 0.0 
Caffrogobius caffer 8.7 7.8 11.5 
Caffrogobius gilchristi 0.0 0.3 0.1 
Caffrogobius natalensis 0.1 0.0 0.1 
Caffrogobius saldanha 0.0 0.2 0.2 
Cheilodactylus faciatus 0.0 0.0 0.1 
Chirodactylus brachydactylus 0.8 1.3 3.4 
Chorisochismus dentex 0.1 0.2 1.9 
Cirrhibarbis capensis 0.0 0.0 0.8 
Climacorporus navalis 0.0 0.1 0.4 
Clinus cottoides 3.1 7.0 22.5 
Clinus superciliosus 4.0 3.7 11.4 
Diplodus cervinus hottentotus 0.0 0.1 0.1 
Diplodus sargus capensis 0.8 0.0 0.1 
Epinephelus andersoni 0.0 0.0 0.0 
Epinephelus marginatus 0.1 0.1 0.2 
Galeichthys ater 0.0 0.1 0.2 
Halidesmus scapularis 0.2 0.6 2.0 
Muraenoclinus dorsalis 0.4 0.4 2.6 
Natalichthys ori 0.0 0.0 0.1 
Parablennius cornutus 0.0 0.0 0.2 
Pavoclinus graminis 0.0 0.0 0.0 
Pavoclinus laurentii 0.0 0.0 0.1 
Pavoclinus mentalis 0.0 0.0 0.0 
Pavoclinus pavo 0.0 0.0 0.0 
Pavoclinus profundus 0.0 0.0 0.0 
Scartella emarginata 0.0 0.0 0.1 
Sparodon durbanensis 0.2 0.4 0.3 
 
Correlation analyses showed significant positive correlations among all fish community 
metrics and habitat metrics such as algal diversity, cover and pool volume even though 
there was large scatter in the data (Figs 4.4 A-H).  Highly significant positive 
correlations were found between the volume of the pools and the fish abundance 
(r = 0.44, p = 0.00; Fig. 4.4 A). As the volume of the pools increased, so too did the fish 
species richness and the number of fish families (Fig. 4.4 B). The abundance of fish in 
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the pools increased as the algal species richness and the percentage algal coverage 
increased (Figure 4.4 C and 4.4 E). The fish species richness increased as the algal 
species richness increased (r = 0.24, p =0.00; Table 4.4; Fig. 4.4 F). The fish species 
richness also increased as the percentage of foliose algal cover increased 
(r = 0.19, p = 0.01; Table 4.4; Fig. 4.4 G). The correlations with temperature for these 
same metrics were not significant (Table 4.4). 
 
Table 4.4: Results of correlation analyses between fish abundance, fish species richness 
and number of fish families in the rock pools and physical and ecological factors. 
* denotes significant results (p < 0.05) 
 Fish abundance Fish species richness No. of fish families 
 r P r p r P 
Algal species richness 0.18* 0.03* 0.24* 0* 0.17* 0.04* 
Foliose algal cover (%) 0.2 * 0.01* 0.19* 0.01* 0.13 0.11 
Temperature (˚C) 0 0.95 -0.11 0.18 -0.03 0.70 
Volume (m³) 0.44* 0.00* 0.43* 0.00* 0.33* 0.00* 
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Figure 4.4: Correlation analyses scatter plots between fish abundance, fish species richness and number of fish families in the rock 
pools and physical and ecological factors labelled A, B, C and D. 
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B 
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Figure 4.4 (cont): Correlation analyses scatter plots between fish abundance, fish species richness and number of fish families in the 
rock pools and physical and ecological factors labelled E, F, G and H. 
G 
H 
E F 
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DISCUSSION 
The intertidal habitat is highly variable in both time and space and this occurs partly 
because of the presence of seasonal and daily variations in tides and solar radiation, 
which may cause the elevational zonation of many intertidal species 
(Hernandez et al. 2002). Species that inhabit this ecosystem are distributed along a 
vertical gradient in accordance with their tolerance of the physical factors and their 
response to ecological interactions (Maciera & Joyeux 2010). 
Studies on the elevational distribution of sessile organisms in the intertidal zone 
demonstrated that distribution patterns are firstly determined by abiotic factors like 
temperature and species’ abilities to withstand desiccation. Secondly, patterns are 
structured by biotic factors like competition and predation, being most fierce in the low 
shore and least on the high shore (Rusel 1991; Little & Kitching 1996; Sumich 1999; 
Hernandez et al. 2002). The distribution of mobile organisms like fishes that use rock 
pools for refuge has been less extensively studied (Gibson 1982; Metaxas & Sheibling 
1993; Pulgar et al. 1999; Hernandez et al. 2002) mostly because the patterns are more 
dynamic and hence more difficult to detect (Zander et al. 1999; Thompson et al. 2002; 
Maciera & Joyeux 2010). Studies on intertidal fishes need to relate their distribution, 
physiology and behaviour to the particular conditions experienced across the shore 
(Zander et al. 1999). 
Algal cover inside rock pools was strongly influenced by the position across the shore, 
which in turn affected fish species richness and abundance. More heterogeneous pools 
with more diverse and more densely covered algae, supported more fish with an overall 
increase in fish species richness. However, the importance of algal cover in rock pools 
has been investigated in previous studies (Bennett & Griffiths 1984) and the influence 
of algal cover on the distribution of fishes was found to be secondary to other physical 
factors, which was also the case in this study.  
The primary factor determining the distribution of intertidal fishes across the shore was 
the volume of the rock pool. Increased pool volume resulted in greater abundance and 
species diversity of the fish inhabiting them. The shape and volume of a pool determines 
the extreme (amplitude) of fluctuation in physicochemical characteristics of the water 
in the pools (Mahon & Mahon 1994; Davis 2000; Castellanos-Galindo et al. 2005). The 
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presence of intertidal fish species is therefore mainly determined by the pool 
characteristics and less dependent on the pools position across the rocky shore (Zander 
et al. 1999; Maciera & Joyeux 2010).  
Larger pools were inhabited by a greater number of fishes and had a higher diversity 
than smaller pools. This may be because larger pools provide more resources and 
niches (Mahon & Mahon 1994). Transient fish species such as those belonging to the 
families Sparidae and Serranidae were more abundant in the larger pools on the low 
shore. This was in agreement with results from previous studies 
(Gibson & Yoshiyama 1999) which suggests that these species utilize rock pools as 
important parts of their nursery areas (Beckley 1985b). Resident species for example, 
those belonging to the families Clinidae and Gobiidae also inhabit these low shore pools 
for the same reasons i.e. resources and niche availability, and likely more shelter. The 
more stable conditions and smaller temperature fluctuations allow a greater algal 
coverage, providing more shelter and possibly food resource, making these pools 
preferable to fishes than those found higher on the shore (Mahon & Mahon 1994). 
Most of the resident fish species in rock pools have body colouration that matches their 
environment (Paulin & Roberts 1992). These resident species rely heavily on crypsis 
and camouflage, or shelter in macroalgae and rocky cracks/crevices (Maciera & Joyeux 
2010). Coralline algae, like Arthrocardia spp. provided cover for resident fish species 
(Clinus superciliosus and Clinus cottoides) sampled in this study.  
In conclusion, like previous studies the current intertidal fish community was affected 
by a range of factors with varying importance. Temperature was not found to be a 
structuring factor determining across shore distribution for this study. However, this 
was an artefact of sampling as temperature was measured only at spring low tide. The 
distribution of fishes was dependent on the physical characteristics (such as the size 
and volume) of the pool and the associated biota (like algal cover). The position across 
the shore which was highlighted in other studies (Maciera & Joyeux 2010) was less 
important.  
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APPENDICES 
Appendix 4.1: Species list and number of fish caught per species for the four sites 
investigating across shore distribution (R= Resident families, T= Transient families) 
Family Species N 
Clinidae (R) Blennioclinus brachycephalus 1 
 Blennophis anguillaris 3 
 Cirrhibarbis capensis 30 
 Climacorporus navalis 14 
 Clinus cottoides 1077 
 Clinus superciliosus 659 
 Muraenoclinus dorsalis 112 
 Pavoclinus mentalis 1 
 Pavoclinus pavo 1 
 Pavoclinus profundus 1 
Gobiidae (R) Caffrogobius caffer 870 
 Caffrogobius gilchristi 1 
 Caffrogobius natalensis 4 
  Caffrogobius saldanha 19 
Sparidae (T) Diplodus cervinus hottentotus 5 
 Diplodus sargus capensis 33 
  Sparodon durbanensis 33 
Serranidae (T) Epinephelus marginatus 9 
Cheilodactylidae (T) Cheilodactylus faciatus 2 
  Chirodactylus brachydactylus 187 
Congrogadidae (R) Halidesmus scapularis 102 
  Natalichthys ori 3 
Blennidae (R) Parablennius cornutus 1 
  Antennablennius bifilum 1 
Gobiesocidae (R) Chorisochismus dentex 78 
Ariidae (T) Galeichthys ater 10 
Batrachoididae (T) Batrichthys apiatus 1 
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CHAPTER 5: The Effect of Water Temperature on the Across Shore 
(vertical) Distribution of Clinus superciliosus (Clinidae) and 
Caffrogobius caffer (Gobiidae): An experiment. 
 
INTRODUCTION 
Temperature has long been regarded as the most important physical driver influencing 
the distribution of fish species (Penrith 1970, Turpie et al. 2000). Environmental 
temperature can have both a direct and/or an indirect effect on the distribution of fish 
(Penrith 1970). The direct effect of temperature is via the constraints of thermal 
tolerance restricting movement and distribution (Penrith 1970). The indirect effect of 
temperature is that it maintains distribution of (key) competing species and so the 
overall species distribution by controlling the available niche (Penrith 1970). The latter 
is more difficult to demonstrate.  
As fish are ectothermic, temperature controls metabolic processes (Gibson 1982; 
Davenport & Sayer 1993; Kemp 2009). An increase in ambient temperature generally 
increases metabolism and in response triggers a cascade of physiological responses in 
fish (Cross& Rawding 2009). One way to measure the effect of increasing temperature 
on metabolism in fish is to measure the opercular ventilation rate (OVR). It is an easily 
monitored visual parameter, and it is useful because it mirrors physiological demands 
for oxygen. As the thermal stress increases (further) it reflects diminished muscular 
performance (Cross & Rawding 2009). This dependence on temperature to regulate the 
physiological processes is likely to control the vertical, seasonal and latitudinal 
distribution of fishes (Gibson 1982; Kemp 2009). 
The family Clinidae comprises more than 70 species of bottom-dwelling fish which are 
all true residents (Nelson 2006; Gon et al. 2007; Kemp 2009). There are 43 recognized 
species in 13 genera in southern Africa, making them the most abundant component of 
fish fauna in certain shallow water-habitats, thereby contributing to the endemism of 
this region (Prochazka 1994; Prochazka 1998). Penrith (1970) found that the 
distribution of South African clinids is temperature dependent. She also found clinids to 
be an extremely sedentary group of fishes which form highly stable intertidal 
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populations. Clinids are one of the most common resident species along the South 
African coastline and they have been shown to be territorial (Penrith 1970; Prochazka & 
Griffiths 1992a). Clinids, particularly Clinus cottoides and Clinus superciliosus are found 
along the littoral profile, from the upper intertidal rock-pools down to shallow subtidal 
reefs in the Eastern Cape, although both show a strong preference for low shore 
intertidal rock pools and subtidal gullies (Burger 1990). The family Gobiidae includes 
over 212 genera and more than 1 875 species of ray-finned fishes which are also all true 
residents (Nelson 1984; Cross & Rawding 2009; Kemp 2009). The banded goby, 
Caffrogobius caffer (Gobiidae) is a particularly dominant species in the Eastern Cape 
intertidal zone (Beckley 1985a; Beckley 1985b; Bennett & Griffiths 1984; Chapter 4). 
This species has not been extensively studied and the only available studies are relating 
to gene flow (Neethling et al. 2008), feeding periodicity (Butler 1982) and most 
recently, resting metabolic rate (Kemp 2009).  Beckley (1985) found that C. caffer was 
restricted to intertidal areas in the Port Elizabeth area. Burger (1990) found that this 
species occurred predominantly in upper intertidal rock pools. Bennett et al. (1983) 
also found that this species was more common higher up in the intertidal zone along the 
Cape coast of Southern Africa than in lower pools. Other species of gobies also show 
preferences for specific areas along the shore (Burger 1990, Chapter 4). Burger (1990) 
recorded temperatures of 35°C for the upper intertidal rock-pools and Kemp (2009) 
determined that C. caffer exhibits a decreased metabolic response to temperature which 
ultimately allows this species to survive in the rock pools situated higher up in the 
intertidal zone. 
This study aimed to establish experimentally whether temperature plays a role in the 
distribution of fishes across the intertidal gradient using two locally occurring species. 
The two species chosen appear to have different vertical distributions along the shore:  
Clinus superciliosus because it is the most widely distributed intertidal clinid and 
Caffrogobius caffer as it is the most abundant goby (Table 4.3). Given the differences in 
distribution patterns, an expected difference in behaviour would be predicted. Thermal 
tolerance studies on gobiids and clinids are rare (Cross & Rawding 2009). The 
hypothesis for this chapter is that C. caffer would show greater tolerance to higher 
environmental temperatures than C. supercilious.  
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The specific aims of this study were to (i) determine the behavioural responses of the 
two species to increasing water temperatures; (ii) to determine the respiratory 
response in terms of opercular ventilation rate of the two species to increasing water 
temperatures; and (iii) to determine whether (behavioural and respiratory response) 
differences exist between size classes of the two species.  
 
MATERIALS AND METHOD 
 
Estimating Environmental Temperature  
A field experiment was conducted to establish the general environmental temperatures 
to which Clinus superciliosus and Caffrogobius caffer are exposed to. This temperature 
range would later be used in the laboratory experiment. The environmental 
temperature range in the rock pools was established using iButtons (Fairbridge 
Technologies). The iButtons were calibrated and programmed to record temperatures 
(to 0.5°C) every two minutes. The iButtons were placed in watertight plastic capsules 
and sealed with silicone to test accuracy. The readings were consistent (when compared 
with iButtons not in containers) but with a 60 minute lag period. Nine iButtons were 
each placed in the capsules and were attached to loose rocks using quickset putty and 
fishing line. These rock fixtures would later be placed in the field to record temperature 
over a 3 - 5 day cycle (Fig. 5.1). This was conducted during summer (March  2009) and 
winter (Jul 2009). 
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Figure 5.1: Photograph showing the watertight capsule glued and tied to the rocks in 
preparation for the temperature recordings. 
 
The iButtons were placed in nine separate pools at Blue Hole (S 34°03’, E 25° 38’), at 
spring low tide and left for 16 high-low tidal cycles (from 11 March 2009 at 09:38 am, 
and removed at 12pm on 15 March 2009). The experiment was repeated using the same 
pools at spring low tide on (7 July 2009 at 08:25 am) and left for 11 high-low tidal cycles 
(removed at 12 pm on 10 July 2009). The pools were selected to represent all levels and 
a range of sizes (within the constraints of availability). Three small pools (<2m²) were 
selected from the low shore, three large pools (>5m²) at the mid-shore and three 
medium sized pools (>2m²and <5m²) at the high shore. The temperatures obtained 
ranged ~13 – 30 oC (see Table 5.1). 
Opercular Ventilation Rate and Bevioural Experiments (Laboratory): 
Live, wild fish of both species Clinus superciliosus and Caffrogobius caffer were captured 
from rock pools and subtidal gullies using hand nets. Three fish, each of three size 
categories were captured. These size classes were defined as large fish (10 cm and 
greater TL), medium fish (7-9 cm TL), and small fish (1-6 cm TL). The fish were 
transported alive to the laboratory and left to settle to artificial conditions in a holding 
tank for one week prior to the experiment. The temperature of the holding tank was not 
regulated, but was kept in a laboratory with controlled ambient temperature ~15 oC. A 
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smaller aquarium tank (30 x 23 x 23 cm) was set up for the experiments. This tank was 
equipped with independent filtration and aeration systems as well as a calibrated 
thermometer to monitor water temperature. The tank was equipped with a standard 
aquarium heater with a temperature range of 19 – 32 °C. The tank was wrapped with 
black plastic to eliminate unnecessary visual disturbance that could induce stress and so 
alter behaviour or OVR.  
The handling procedure was to use one fish at a time for the experiment. Each fish was 
placed into the experimental tank (with the heater turned off). After an hour at the 
ambient water temperature (15 - 16°C) the behaviour and respiration rate of the fish 
was recorded. The heater was then switched on and set to the first temperature. The 
behaviour and respiration rate of the fish was recorded every hour as the temperature 
increased. The temperature categories used were 19 °C, 22 °C, 25 °C and 28 °C. The 
temperatures were raised every hour by 3 °C. The OVR (the number of opercular 
openings/minute) (Cross & Rawding 2009) was recorded for 5 X 1 minute intervals at 
each temperature per fish. The behaviour recorded included any unusual behaviour e.g. 
rapid swimming, agitation (Mora & Maya 2006) and the loss of righting response (LRR), 
when fish are unable to maintain equilibrium and fall onto their sides (Cross & Rawding 
2009). At 28 °C, when the experiment was completed, the fish was removed from the 
experimental tank and returned to the large aquarium, where it recovered rapidly. 
The water in the experimental tank was replaced after each experimental run. The next 
fish was then placed in the experimental tank for an hour and the procedure repeated. 
Photos and video recordings were used to record postures and swimming behaviours. 
Data Analysis: 
All the data analyses were conducted using STATISTICA Ver. 10. The data (OVR per 
individual per size, species and temperature) were tested for normality using the 
Kolmogarov-Smirnov test. As data were normally distributed, a parametric three-way 
factorial ANOVA (Analysis of Variance) was used to detect differences. The factors 
tested were size, species and temperature, with OVR as the dependent variable. A post-
hoc Tukey HSD test was performed to identify where the differences exit.  
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RESULTS 
Environmental Temperature (iButtons) 
The pools monitored at Blue Hole experienced a range of temperatures throughout a 
period of one day, each temperature depended on the state of the tide. The temperature 
fluctuation was more evident in the high shore pools particularly during summer 
(16.2 oC) compared to winter (7 oC). The mean water temperature in the pools ranged 
16.4 – 18.8 oC across both seasons. The lowest temperatures were measured on the low 
shore pools during summer (at 13.1 oC) and the highest temperatures were measured in 
the high shore pools during summer (29.5 oC). The winter temperatures were very 
stable across all sizes and shore levels (Table 5.1). The summer experienced periodic 
upwelling, which caused the low temperatures, whereas the high shore pools were 
isolated from tidal flushing for longer periods, resulting in the daily high temperatures. 
Intertidal fishes may be exposed to temperatures between 13 - 29 °C within a single 
tidal cycle depending on the level of the shore. 
 
Table 5.1: Summary of the temperatures recorded in the pools at different vertical 
levels across the shore over 16 tidal cycles for summer and 11 tidal cycles for winter. 
 
Min temp 
(°C) 
Max temp 
(°C) 
Temp Range 
(°C) 
Mean temp±SE 
 (°C) 
Summer (Low shore) 13.1 26.5 13.4 16.5± 0.99 
Winter (Low shore) 16.1 18.8  2.7 17.4± 0.97 
Summer (Mid-shore) 13.3 25.3 12 16.4± 0.96 
Winter (Mid-shore) 15.6 19.0 3.4 17.1± 0.93 
Summer (High 
shore) 13.3 29.5 16.2 18.8± 0.73 
Winter (High shore) 13.6 20.6 7 16.5± 0.71 
 
Laboratory Experiment 
The OVR of the fishes was influenced by all three variables, namely, the temperature of 
the water, the size of the fish and the species (Table 5.2).  
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Table 5.2: Summary of the ANOVA results. * denotes significant results (p<0.05). 
Effect 
Sum of 
squares Degrees of freedom F p 
Temperature 4310 3 7 0.001* 
Size 7570 2 18.4 0.000* 
Species 1.24E+04 1 60.5 0.000* 
Temperature * Size 153 6 0.12 0.993 
Temperature * Species 659 3 1.07 0.371 
Size * Species 3480 2 8.48 0.001* 
Temperature * Size * Species 444 6 0.36 0.9 
 
Caffrogobius caffer (Gobies; Fig 5.1) in general had the lower OVR across all 
temperatures. Small gobies had OVR rates ranging between 22 – 38 ventilations.min-1 , 
with medium sized individuals ranging 42 - 65 ventilations.min-1 and large individuals 
ranging 60 – 70 ventilations.min-1.  If tolerance is related to the lowest opercular rate 
then small gobies should be best adapted, but if the slope of the curve is indicative of 
tolerance then large gobies are most tolerant. Clinids, specifically Clinus superciliosus, 
followed similar responses to gobies, although the medium animals appeared the least 
tolerant with the highest opercular ventilation rates (80 – 100 ventilations.min-1), with 
small and large animals having similar tolerances for the same temperature ranges 
( ~55 – 80 ventilations.min-1) (Fig. 5.1).  
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Figure 5.1: The effect of rising temperature on the OVR of the fish for both species and 
all three size classes. (Bar = Standard Error, 95 % confidence interval) 
 
A post-hoc Tukey test was used to reveal the specific differences between the OVR of 
the fish. A summary of the results is given in Table 5.3. The clinids of each size class at 
most of the temperatures had significantly different OVRs from all the small gobies at 
every temperature (Table 5.3).  
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Table 5.3: Summary of Post-hoc Tukey test results: the OVRs of the fish in the left 
column was shown to be significantly different (at P<0.05) from the OVRs of the fishes 
in the right column. 
Fish Significantly different to: 
Size and species Temp (° C) Size and species Temp (° C) p 
Small clinid 28 Small goby 19 0.00 
  Small goby 22 0.00 
  Small goby 25 0.00 
  Small goby 28 0.02 
Medium clinid 19 Small goby 19 0.00 
  Small goby 22 0.00 
  Small goby 25 0.00 
  Small goby 28 0.02 
Medium clinid 22 Small goby 19 0.00 
  Small goby 22 0.00 
  Small goby 25 0.01 
  Small goby 28 0.04 
Medium clinid  25 Small goby 19 0.00 
  Small goby 22 0.00 
  Small goby 25 0.00 
  Small goby 28 0.00 
  Small clinid 19 0.04 
Medium clinid 28 Small goby 19 0.00 
  Small goby 22 0.00 
  Small goby 25 0.00 
  Small goby 28 0.00 
  Small clinid 19 0.00 
  Small clinid 22 0.02 
Large clinid 19 Medium clinid 28 0.03 
Large clinid 25 Small goby 19 0.00 
  Small goby 22 0.02 
  Small goby 25 0.04 
Large clinid 28 Small goby 19 0.00 
  Small goby 22 0.00 
  Small goby 25 0.00 
  Small goby 28 0.00 
   Medium goby 19 0.03 
 
Behavioural responses to increased temperature, even within the range experienced at 
the study site, could be sub-divided into three categories. Firstly, escape responses, 
secondly impairment of normal balance/posture (Figure 5.2) and thirdly any other 
abnormal behaviour.  
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Figure 5.2: Photograph of a fish demonstrating the impairment of balance/posture 
(LRR). 
 
Escape responses included fishes swimming near/occupying the upper part of the 
water column or the aerial space above the surface of the water (Ford et al. 2004). The 
impairment of normal balance/posture was manifested by the fish losing the ability to 
correct their posture i.e. Loss of Righting Response (LRR).  Escape responses were 
observed in both species but the impairment of normal posture (LRR) was only 
observed in the three large and the three medium sized clinids at temperatures 
between 24°C and 25°C (Table 5.4). Other abnormal behaviour that was recorded 
included rapid, erratic swimming, the attachment of gobies to the side of the tank using 
the fused pelvic fins, flaring of pectoral fins, and the regurgitation of gut contents (Table 
5.4). 
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Table 5.4: Summary of behavioural responses recorded for per species and size class 
Species Size Temperature Behaviour 
C. superciliosus small 25-28 Escape 
C. caffer small 28 Abnormal behaviour 
C. superciliosus medium 24-25 Escape, abnormal behaviour and LRR 
C. caffer medium 28 Escape 
C. superciliosus large 24-25 Escape and LRR 
C. caffer large 25 Abnormal behaviour 
 
DISCUSSION 
Temperature has been shown to be an important physical factor influencing the 
distribution patterns of marine species, and it is a strong driver to the patterns of 
marine biodiversity (Helmuth & Hofmann 2001). Distinct vertical zonation patterns 
have been found among intertidal fish wherever they have been studied (Gosline 1965; 
Gibson 1972; Penrith 1970; Bennett et al. 1984; Beckley 1985a; Beckley 1985b; Burger 
1990). Temperature has been found to be one of the principal factors causing this 
zonation (Sanford 1999; Harley 2003; Harley & Lopez 2003; Schiel et al. 2004; 
Morelissen & Harley 2007). The influence of temperature on two marine fishes was 
demonstrated in this experiment, although it manifested more clearly on the clinids 
than the gobies suggesting that the clinids are less adapted to withstand the high 
temperatures experienced in high shore pools. 
The fluctuation of water temperatures in rock pools occurs because of two factors; the 
duration of exposure and heat input or loss (Kemp 2009). The duration of exposure or 
time that the pool remains isolated from the tide is directly related to the pools vertical 
height on the shore (Kemp 2009). The pools higher on the shore displayed higher 
temperatures and the animals that occupy these pools must have adapted to these high 
temperatures. The pools lower down on the shore showed less fluctuation in water 
temperatures as these pools would be covered in water more often and their exposure 
time would be less. The animals inhabiting the pools found on the low shore would not 
be as exposed to the temperature extremes experienced by animals in the high shore 
pools. 
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The behavioural responses displayed by the fishes varied between species and between 
size classes. Ford et al. (2004) defined an emersion (escape) response as when the fish 
either occupy the upper part of the water column or the aerial space just above the 
surface of the water. Oxygen becomes more soluble in water as the temperature 
decreases (Schurmann & Steffensen 1992). At 25°C all three small clinids showed 
attempts at emergence. The fish swam around the tank rapidly but then quite clearly 
began occupying the upper part of the tank, near the water surface where they may 
have been trying to use the surface film which would have had higher oxygen levels. 
Abnormal behaviour was observed in the large and medium size classes of the gobies. 
Two of the three large gobies and all three medium gobies attached themselves to the 
side of the tank by means of their fused sucker like pelvic fins at 25°C. Ford et al. (2004) 
also noted this behaviour in emergent fish in their study on intertidal gobies. The 
remaining large goby flared its’ pectoral fins at 25°C, this is done to act as a postural 
stabilizer when thermal stress occurs close to the LRR temperature (Cross & Rawding 
2009). One small goby regurgitated its gut contents which is also a sign of marked 
thermal stress and this was also noted by Cross and Rawding (2009) in their study on 
round gobies (Apollonia melanostoma).  
Extreme thermal stress will cause the fishes to display particular behavioural responses 
such as the LRR. Only the clinids displayed LRR. The small clinids did not display LRR 
and were possibly not thermally stressed but rather oxygen stressed. It appears that 
under the experimental temperature range, the gobies were not exposed to high enough 
temperatures to induce this response. Cross and Rawding (2009) demonstrated how 
round gobies experienced LRR at temperatures between 30.2 oC and 33.3 °C. The 
temperature range and heating rate chosen for this experiment (19 °C – 28 °C, 3 °C an 
hour) was chosen to mimic the conditions that these fish experienced in local rock 
pools. The gobies, although some displayed some emersion attempts, were clearly less 
stressed than the clinids with water temperature increases. 
As the temperature of the water increased the fishes of both species demonstrated an 
increase in their OVRs. The general rise in OVR for all fishes was expected. As the 
temperature increases, the fish will need to pump more rapidly to meet their increased 
metabolic demands. The gobies showed a lower overall OVR than the clinids which was 
also expected because this family of fishes has been shown to have adapted to living in 
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pools with higher water temperatures and has shown a decreased metabolic response 
to temperature in a previous study (Kemp 2009). The clinids of each size class at almost 
all temperatures showed a significant difference in the OVR to the small gobies at each 
temperature which demonstrates that even the small gobies can withstand the stresses 
of temperature rise better than all size classes of the clinids. 
The two species displayed significantly different OVRs at the same temperatures and 
the most marked difference was at the highest temperature (28°C). The large gobies 
displayed a gradual rise in OVRs as the temperature increased but the large clinids 
displayed a rapid increase in OVRs and this was expected because of the observed 
distribution patterns of the two species. The gobies are known to be able to withstand 
temperature fluctuations and they thrive in rock pools subjected to prolonged periods 
of high temperatures whereas the clinids are known to inhabit rock pools with less 
temperature fluctuation and generally lower water temperatures. The clinids are 
periodically found in rock pools higher up on the shore but this is probably only 
accidental and the fish get caught in these pools after feeding excursions when the tide 
recedes. As shown in this study, the clinids can survive the higher temperatures but 
these are suboptimal conditions where they do not thrive.  
The three small clinids were very active during the experiment and their activity 
increased with temperature increase. They displayed lower OVRs than the other size 
classes at higher temperatures which was not expected as the smaller fish are found 
lower on the shore in pools with lower temperatures which offer more 
shelter (pers. obs.). The same was found in the gobies with the smaller fish having lower 
OVR than the larger fish at higher temperatures. This suggests that the smaller fish of 
both species may be well suited to survive the thermal extremes found in the rock pools 
situated higher on the shore but some other factor is controlling and limiting their 
distribution to rock pools on the lower shore. It has been shown that different size 
classes of fish of the same species differ in dietary composition because of factors such 
as feeding mechanisms, morphology and size (Platell & Potter 1999; 
Platell & Potter 2001) to reduce the potential for intraspecific competition. There will 
be some overlap in dietary composition as the fishes grow. Thus the smaller fish in this 
study are possibly more limited in their distribution because of factors such as 
distribution of suitable prey items and avoidance of predation by larger fish in pools 
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providing better sheltering microhabitats. Temperature is perhaps one of the principal 
physical factors that determines the vertical zonation of these species’ but biological 
factors may have more of an influence intraspecifically in terms of size. 
Interspecific competition and predation have also been identified as important factors 
in determining fish distribution patterns in other studies (Yoshiyama 1981; Arruda 
1990; Nieder 1993; Gibson & Yoshiyama 1999; Hernandez et al. 2002). Both these 
species are cryptic resident species and utilise their surrounding environments for food 
and shelter. When species are found to be abundant and co-occurring in a particular 
environment their diets differ in the dietary composition of prey taxa (Platell & Potter 
1999). This could be part of the reason why these two species have utilized different 
areas across the intertidal zone but temperature extremes are likely to have an 
overriding influence. 
In conclusion, this experiment demonstrated that temperature had an influence on the 
ventilation rates and behavioural responses of both C. caffer and C. cottoides. As 
expected, C. caffer exhibited less stress at higher temperatures than C. superciliosus. 
Gobies generally demonstrate higher thermal tolerances amongst guilds of intertidal 
fishes, as was also shown in a study by Gibson (1972). Because of this tolerance for 
higher temperatures gobies can thus exploit higher pools and use the resources of these 
habitats whereas the clinids are more restricted to the lower intertidal zone. This 
restriction however, is not caused exclusively by the temperature of the water but may 
also be due to interspecific competition. Further research is recommended to 
investigate the dietary differences and potential competition between these two species 
to determine the extent to which these biological factors are controlling their 
distribution across the intertidal shore.  
The results of this experiment were not easy to interpret because of a number of factors. 
Firstly, the size of the pools used to determine a temperature regime introduced a 
confounding effect and it is recommended that if this experiment be repeated that only 
one pool of each size at each shore height be chosen to determine a temperature regime. 
Secondly, clearer hypotheses need to be laid out as the current hypotheses were too 
broad. There is also the possibility that the clinids could simply have a higher metabolic 
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rate than the gobies or that they are more active across all temperatures and thus 
further investigation is recommended. 
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CHAPTER 6: Is the Sardinia Bay Marine Protected Area benefitting the 
intertidal fish community? 
INTRODUCTION 
The marine environment has increasingly been subjected to anthropogenic impacts 
which have resulted in the loss of marine biodiversity, the alteration of trophic 
structures and chronic over-fishing (Russ & Alcala 2004). Marine conservationists and 
environmental managers have had to broaden resource management methods due to 
the global increase in fishing pressure and the collapse of many fisheries (Halpern & 
Warner 2002). The use of marine reserves in mitigating some of these pressures has 
recently become a popular adjunct to traditional management options (Halpern & 
Warner 2002; Botsford et al. 2003).  
The International Union for the Conservation of Nature (IUCN 1994) defined a marine 
protected area as “any area of intertidal or subtidal terrain, together with its overlying 
water and associated flora, fauna, historical and cultural features, which has been 
reserved by law or other effective means to protect part or all of the enclosed 
environment.” Marine Protected Areas (MPAs) around the world have been used to 
reduce the rate of biodiversity loss as well as the loss of abundance of species (due to 
over-fishing) and the loss of endemism (Wells et al. 2007). Evidence of successful 
protection and the recovery of fish stocks due to the implementation of MPAs have been 
documented in many parts of the world and the success of MPAs can be attributed to 
the “reserve effect” (Villamor & Becerro 2012). The reserve effect refers to the overall 
positive benefits or consequences of protecting marine systems and includes the goal of 
protecting specific species or areas with benefits that extend beyond these specific aims 
(Villamor & Becerro 2012).  
The main expectations of MPAs are that they will maintain segments of populations and 
ecosystems in their natural state (Russ & Alcala 2004) and provide refuges where 
populations of exploited species can recover and allow modified habitats to regenerate 
(Gell & Roberts 2003). The benefits of MPAs for stock recovery has been shown to be 
greatest for overexploited species (Gerber et al. 2002) but this has led to some 
controversy in terms of fisheries management. Critics have argued that most 
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commercially important species are too mobile to benefit from the protection of a fixed 
area but there is evidence that inside MPAs, fish populations increase in size and 
individuals live longer, grow larger and develop increased reproductive potential  
(Gell & Roberts 2003). This is because certain individuals in the populations of mobile 
fishes are more mobile than others and the resident population (those animals that are 
more sedentary) ensures that there is a build up of biomass and reproductive capacity 
inside the reserve while the more mobile animals export the benefits outside the 
boundaries of protection (Gell & Roberts 2003). This pattern has been observed in five 
commercially important South African shore fish species (Griffiths & Wilke 2002). 
Compared with many other developing countries, South Africa has a well conserved 
coastline with 23 % of it under formal protection (Griffiths et al. 2010) but to achieve 
adequate and representative conservation of biodiversity in coastal marine ecosystems, 
MPAs must be established within each principal biogeographic region of the South 
African coastline (Sink et al. 2005). The Sardinia Bay Marine Protected Area (SBMPA) in 
the Eastern Cape is a small, no-take MPA and was originally declared in 1974 as a 
marine reserve and promulgated as a marine protected area in 2000 under the Marine 
Living Resources Act. The shoreline of the SBMPA is 7 km long and has representative 
habitats which include rocky platforms, sandy beaches, subtidal rocky reefs, and 
subtidal sandy benthos (Lemm & Attwood 2003). Preliminary results from a masters’ 
dissertation (De Klerk unpublished data) on the effects of this reserve on exploited 
species suggest that some exploited line fish species do benefit from this small reserve 
(with an increase in size and biomass).  
Most studies on reserve function have concentrated on exploited fish species that are 
commercially important but little attention has been paid to the fish species that are not 
targeted by fisheries (Claudet et al. 2010). South African intertidal fish communities are 
made up of many endemic species that contribute to the biodiversity of the region. 
These fish are mainly small, secretive species that are not commercially important 
(Horn et al. 1999). The resident fish to the intertidal spend their lives within the 
intertidal zone while the transients only use this habitat for short periods. It has been 
shown that the species which respond most rapidly from reserve protection are often 
sedentary and spend most of their lives in reserves (Gell & Roberts 2003). The extent to 
which these non-exploited, intertidal species benefit from MPA protection in South 
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Africa is unknown and the aim of this chapter is to briefly investigate whether SBMPA 
offered any protection to transient and resident species, and if there are notable 
differences inside and outside the MPA.  
 
MATERIALS AND METHOD 
The data collected for the alongshore comparison (Chapter 3) was used in this chapter. 
Comparisons were made between two treatments; protection (Sardinia Bay MPA) and 
Bushy Park even though Bushy Park is not formally in the protected area, it is adjacent 
to the MPA, backed by a large private farm with restricted access and so creates a de 
facto reserve. The sites outside the MPA (i.e. unprotected) are Blue Hole and 
Sacramento.   Secondly, communities in the SBMPA were compared to those outside the 
MPA to determine whether there were differences in patterns between the resident and 
transient fish species.  
 
Community Analysis  
The data were split: resident fish species and transient fish species. The communities 
were described by calculating the average abundance and species richness per pool per 
site to account for uneven sampling effort across sites. The Shannon-Wiener index 
(using loge) for diversity and Pielou’s evenness index was calculated in Primer Ver.6. 
The abundance data were pre-treated and fourth-root transformed. Bray-Curtis 
similarity was used (Primer Ver.6). A dendrogram was used to express similarity in 
community structure and results were plotted using a nonparametric multidimensional 
scaling (nMDS) plot (2D).  
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RESULTS 
MPA and open access community comparisons 
To determine whether there were any differences between the community structure of 
fishes inside SBMPA and localities outside its borders, each site was sampled to 
calculate the abundance, species richness and diversity of the fish occurring there. 
Unequal sampling effort between sites required the calculation of the abundance per m³ 
and mean species richness per pool at each site so that data were comparable. 
Table 6.1: Summary of the fish abundance (indiv.m-3), mean species richness (per pool) 
and diversity of the fish population (using Shannon-Wiener and Pileou’s Evenness 
indices).  
Site Mean Abundance (±SE) 
Mean Species  
Richness (±SE) H' (log e)     J' 
Bushy Park** 21.9 (± 0.6) 3.2 (± 0.2) 1.6 0.6 
Sardinia Bay* 18.4 (± 0.9) 2.5 (± 0.2) 1.6 0.6 
Sacramento 12.7 (± 0.5) 2.5 (± 0.2) 1.6 0.5 
Blue Hole 41.1 (± 1.6) 4.6 (± 0.3) 1.9 0.6 
(* indicates that this site is in a marine protected area; ** Bushy Park a de facto reserve) 
Despite protection at Sardinia Bay and restricted access at Bushy Park the highest 
abundance of fishes was found at Blue Hole, followed by Bushy Park then Sardinia Bay. 
The same was true for species richness. The diversity was the same across sites with 
diversity highest at Blue Hole (Table 6.1).  
With regards to species composition, there was a consistent pattern across all sites. 
Species belonging to the family Clinidae were numerically dominant, comprising >50 % 
of the community at each site, followed by species belonging to the family Gobiidae 
(> 20%) (Table 6.2). Nine other families made up the balance of the fishes, with very 
few of these being harvested species (serranids and sparids) (Table 6.2). Further, 
Serranids were present only at two sites, one in and one out the MPA.  The community 
comprised mainly cryptic species (clinids and gobies) which spend most of their time 
concealed amongst rock and seaweeds or sand, and few highly mobile linefish species. 
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Table 6.2: Percentage contribution of each family in the intertidal fish community at 
each site, (- ) indicates absence. 
  Bushy Park Sardinia Bay Sacramento Blue hole 
Ariidae - - 0.2 0.6 
Batrachoididae - - - 0.1 
Blennidae 0.1 - 0.2 - 
Cheilodactylidae 2.9 6.4 1.8 8.8 
Clinidae 52.4 61.4 57.8 60.2 
Congrogadidae 2.4 - 1.1 5.9 
Gobiesocidae 3.8 3.4 2.9 1.1 
Gobiidae 36.3 26.5 34.8 20.2 
Ophidiidae - - - - 
Pomacentridae - - - - 
Serranidae - 0.4 - 0.5 
Sparidae 2.1 2.0 1.3 2.7 
 
As there were no obvious differences in the indices (mean abundance, species richness 
and diversity) under conditions of protection vs. unprotected, the similarity between 
community compositions at each site was assessed. The abundance per species across 
sites (Primer Ver.6) indicated that these sites were >70% similar (Fig. 6.1) with Bushy 
Park and Sardinia Bay being 80% similar. These are also the two western-most located 
sites. 
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Figure 6.1: Dendrogram showing the similarity of the fish communities at each site.  
 
 
Figure 6.2: Nonparametric multidimensional scaling plot for the comparison of the fish 
communities at the different sites.  
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Sacramento had the smallest pools and as a result the fish community occurring here 
was the most different to the other sites (Fig. 6.2). There was no evidence that 
protection favoured, or even altered, the overall community as the clustering can be 
explained by pool size and not protection status or proximity to the MPA.  
 
Analyses and residency patterns 
Even though the overall community was not altered, it is worth investigating if fish with 
different patterns of residency (i.e. residents vs. transient fish) which utilise the 
intertidal zone in different ways have benefited differently. One may predict that these 
different groups of fishes would respond differently to protection.  
Table 6.3: Summary of the abundance (per m³), mean species richness (per pool) and 
diversity of the resident and transient fish communities at each site. (* indicates that 
this site is in a Marine Protected Area) 
Site 
Mean Abundance (±SE) 
Mean Species  
richness (±SE) 
H' (loge)     J' 
 Resident Transient Resident Transient Resident Transient Resident Transient 
Bushy Park** 20.8 ± 3.2 1.1 ± 3.1 0.4 ± 3.9 0.1 ± 3.9 1.5 0.9 0.6 0.8 
Sardinia Bay* 20 ± 2.5 1.7 ± 1.2 0.3 ± 3.4 0.1 ± 1.5 1.4 0.8 0.6 0.5 
Sacramento 12.8 ± 2.6 0.4 ± 0.9 0.3 ± 3.3 0.1 ± 1.1 1.5 0.9 0.5 0.8 
Blue Hole 42.4 ± 2.6 5.8 ± 1.9 0.6 ± 3.9 0.2 ± 2.4 1.6 0.9 0.6 0.5 
(* indicates that this site is in a marine protected area; ** indicate the de facto 
reserve/restricted public access).  
Blue Hole had the greatest abundance of resident fishes (Table 6.3). The transient fish 
communities showed a similar pattern, peaking at Blue Hole. There is thus no evidence 
to suggest that this small MPA (under these conditions of investigation) had a benefit to 
resident or transient species. It is again concluded that the physical factors (such as pool 
size and location) have a stronger structuring effect.  
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DISCUSSION 
It has been shown that the establishment of marine reserves appears to result in 
significant increases in average levels of density, biomass and diversity within one to 
three years and that these values persist over time (Halpern & Warner 2002). However, 
there is no guarantee that the implementation of an MPA will result in increased 
abundances and diversities of the fish species that occur inside the MPA because the 
forces that drive the spatial and temporal variation in community structure can be both 
physical and biological (Garcia-Charton & Perez-Ruzafa 1999). Some studies have found 
that the density, biomass, average size, and diversity of the organisms increased inside 
reserves over time (Castilla & Bustamante 1989; Russ & Alcala 1996; Wantiez et al. 
1997, Russ & Alcala 1998) while others have found that there were only slight changes 
over time (Roberts 1995; Sala et al. 1998). Conan (1986) and Ferriera & Russ (1995) 
found that these measures climbed initially but then declined and eventually returned 
to original levels. There is even evidence of a decline in these measures after the 
implementation of a MPA (Dufour et al. 1995). These studies mainly concentrated on 
exploited fish species that are commercially important and they did not investigate the 
effect of protection on non-exploited species. There are no hard and fast rules when it 
comes to marine reserves and protection and this is not only because of the diverse 
range of life histories displayed by the different species but the physical structure of the 
environment that is under protection also has a big impact on the species’ response to 
protection.  
At a community level, there seemed to be little difference in the species composition 
and diversity of the intertidal fishes found at sites inside and outside of the SBMPA.  The 
abundance of the resident fish community showed a decline from west to east with the 
SBMPA and the two sites adjacent to it exhibiting the greatest abundances after Blue 
Hole however, the species richness at the SBMPA and adjacent sites was lower than at 
Blue Hole. Pool size (and rock structure) seems to be more important than exploitation. 
Further, the mechanism in which intertidal fish could be impacted (like aquarium 
harvesting) is fairly low around the Eastern Cape and therefore not expected to have a 
notable impact on intertidal communities.  
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The most abundant resident fish species were C. cottoides, Caffrogobius caffer and Clinus 
superciliosus. All these species are small bodied and secretive in nature 
(Horn et al. 1999) and utilise the rock pools within the intertidal zone throughout their 
entire life cycles. The clinids (C. cottoides and C. superciliosus) are viviparous species 
that give birth to live young (Gon et al. 2007). These fish depend on their environment 
to protect them from predators and they use the algae in the rock pools for camouflage 
and hide in the rock crevices (Chandler et al. 2009). These fish are not commercially 
important and they are not exploited. This could in part explain the (lack of) trend 
noticed. The SBMPA is a no-take reserve where all fishing activities are banned and as a 
result the intertidal rock pools are in a pristine condition. The algal species found inside 
the reserve are more abundant (pers. obs.) and these fish could be flourishing because 
of this. They have an optimal environment for survival inside the reserve as opposed to 
sites found further east of the reserve. The species richness for this community of fishes 
was similar inside the MPA and at the sites adjacent to it but still lower than at Blue 
Hole.  
The most abundant transient species were all juveniles of commercially important and 
exploited linefish species i.e. S. durbanensis (White musselcracker) and 
D. sargus capensus (Blacktail). These species rely on the rock pools in the Eastern Cape 
(Chapter 3) as important nursery areas. In theory these juveniles could grow larger, live 
longer and increase their reproductive potential inside the reserve but no evidence of 
this was found in this study. In Ntunzi’s (2007) study on intertidal fish populations in 
the East London area she specifically investigated sites that were adjacent to marine 
protected areas and found that there was a large increase in species richness and this 
could  be because of the MPAs protection on transient species in that area. The fact that 
there was very little difference in the communities at each of the sites with regards to 
species composition and diversity was expected. This is because the sites in the current 
study were very close in proximity and the SBMPA is a relatively small MPA compared 
to others along the South African coastline. This along with the fact that the size of the 
pools was so important in structuring the fish communities at each of the sites (Chapter 
4) would have masked any possible differences owing to protection.  
Previous studies have focused on the effects of MPA protection on exploited species and 
very few studies have been done to determine the impacts on non-exploited fish species 
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and studies that focus on predator species will find very different results to studies that 
focus on prey species (Halpern & Warner 2002). The impact of the SBMPA on the fish 
populations (exploited and non-exploited) within and at adjacent sites had not been 
studied before. The current study highlights that the SBMPA is probably not benefitting 
the intertidal fish community but further studies need to be done with a different 
methodology, possibly testing the impact of protection between the resident and 
transient species to determine the impact of protection on this specific community of 
fishes.
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CHAPTER 7: Discussion & Conclusion 
ALONGSHORE DISTRIBUTION AND BIOGEOGRAPHY 
Previous studies on intertidal fish communities have been done along the coastline of 
the Agulhas Bioregion but there was a part of the coastline that was previously 
unsampled and the intertidal fish communities of this area were unknown. This area, 
which is situated at Cape Recife, near Port Elizabeth (sampled by Beckley in 1985) was 
the focus area of the current study. Koppie Alleen (sampled by Bennett in 1986) is a 
pivotal study conducted to west of the Sardinia Bay MPA. Typical resident species 
belonging to the family Clinidae were the most abundant in this study, which conforms 
to the patterns stated by Bennett (1986) and Beckley (1985b). Species from the family 
Gobiidae were not previously abundant as pointed out by Bennett (1986) and Beckley 
(1985b) but were the second most abundant family in the current study. Further, 
transient species were unimportant in the current study. This was in contrast to what 
Beckley (1985b) found at Cape Recife. Given that the studies by Bennett (1986) and 
Beckley (1985b) were conducted 26 - 27 years ago, these results suggest a change in 
species composition over time. This decline in the abundance of transient fish species 
may be as a result of the over-fishing of commercial linefish species, resulting in 
reduced recruitment, noting that many of these exploited fishes are typical transient 
species. Intertidal resources are easily accessible, relatively cheap to harvest and 
anyone is allowed to fish here (Brach & Clark 2006). This exacerbates the problem of 
over-fishing of inshore linefish species.  
Bennett (1986) concluded that typical transient species (Sparodon durbanensis, 
Diplodus cervinus hottentotus and Chirodactylus brachydactylus) were not utilising rock 
pools in the intertidal zone as nursery areas and that rock pools in the Southern and 
South-Western Cape were not important as nurseries for S. durbanensis in particular. 
Christensen and Winterbottom (1981) concluded that S. durbanensis were not found in 
any of the rock pools in Port Alfred and so were not using these intertidal rock pools as 
nursery areas either. The current study illustrated the opposite of what was previously 
known about this species and that in the Eastern Cape, S. durbanensis relied on these 
rock pools to act as nurseries. Beckley (1985b) stressed the importance of these pools 
as nursery areas for S. durbanensis, D. c. hottentotus and C. brachydactylus but other 
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authors suggested that she over emphasised the importance of intertidal rock pools as 
nursery areas to these species. Ntunzi (2007) concluded that rock pools in the East 
London area were also acting as important nursery areas for these fishes. The current 
study agrees with Beckley’s (1985b) and Ntunzi’s (2007) findings and this could 
possibly mean that the Eastern Cape has a different dynamic with regards to nursery 
areas for exploited fish species as compared to areas further west along the South 
African coastline. 
Beckley et al. 2002 noticed the increase in species richness from west to east along the 
South African coastline. The current study fitted the pattern bridging the gap of the 
previously undersampled intertidal fish communities. The diversity and distribution 
patterns of the intertidal fishes in the current study conformed to patterns found in 
previous studies along the South African coastline.  
The position of the biogeographic boundary between the Agulhas and the Natal 
Bioregions has been debated amongst scientists since the 1970’s. Penrith (1976) 
described its position as being at the Mbashe River, north of the Kei River while 
Emanuel et al. 1992 described East London as the eastern boundary. Prochazka (1994) 
suggested that the boundary was near Port Alfred and Beckley (2000) suggested that its 
position was in the region north of East London. More recently, Lombard et al. 2004 
agreed with Penrith’s (1976) conclusion. Ntunzi (2007) on the other hand concluded 
that its position was not clear but that it was probably somewhere north of East 
London. Wavecrest was sampled in the current study and is situated along the Transkei 
coastline, north of East London. This area proved to be a part of a transition zone 
(rather than a fixed break). The presence of the natal snakelet (N. ori) to the south, also 
suggest that there may be seasonal shifts in the edge of the bioregions. More sampling 
(and at a regular basis) at sites around the Wavecrest area are needed to determine the 
location of the boundary between the Agulhas and the Natal Bioregions, and to 
understand the dynamic nature of boundaries over short and longer time spans. 
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VERTICAL DISTRIBUTION PATTERNS 
The aim of this part of the study was to determine which factors control the vertical 
distribution of intertidal fishes. The species were found to be vertically distributed 
across the shore with most of the resident species being more abundant across the low 
shore (particularly members of the Clinidae) while one resident species was found 
mainly in the high to mid-shore pools. The transient species were more abundant in the 
middle to low shore pools. This vertical distribution has been found in many studies at 
sites around the world and it occurs because species are distributed in accordance with 
their ability to tolerate changing physical factors and by their response to ecological 
interactions (Maciera & Joyeux 2010).  
The volume of the pool, temperature of the water, salinity, algal coverage, level of 
exposure, substrate type, competition and predation have all been identified as 
important controlling factors in the vertical distribution of intertidal fishes 
(Metaxas & Scheibling 1993; Pulgar et al. 2003; Araujo et al. 2006).  The primary factor 
controlling the across shore distribution on the intertidal fish community in the current 
study was the volume of the pool. The influence of the volume of pools has been 
investigated in previous studies and has been found to have an impact on vertical 
distribution and this was found to be the most important controlling factor in the 
current study. Temperature was identified in other studies as an important factor but 
was not evident from the data obtained in the current study. This is because the 
temperature regime was not established through multiple tidal cycles throughout the 
year at different pool heights. Algal cover was a secondary factor controlling the across 
shore distribution of fishes. Pools with greater algal cover had a greater abundance and 
species richness of fish.  
The more difficult and challenging aspect of fish distribution patterns that still needs to 
be investigated is the biological interactions of community members and the relative 
importance of these factors compared with the physical constraints, in structuring 
communities.  
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BENEFITS OF THE SARDINIA BAY MPA 
The impacts of MPAs on biodiversity and exploited fish populations have been 
extensively studied. The results vary between studies, some showing that there was an 
increase in density, biomass and diversity after the implementation of an MPA (Castilla 
& Bustamante 1989; Russ & Alcala 1996; Wantiez et al. 1997; Russ & Alcala 1998; 
Halpern & Warner 2002) while others showed only slight changes after their 
implementation (Roberts 1995; Sala et al. 1998). Other studies have found and initial 
increase followed by a decline and eventual return to original levels (Conan 1986; 
Ferriera & Russ 1995) and some studies even found a decrease in these measures after 
the implementation of an MPA (Dufour et al. 1995). All of these studies were done to 
investigate the impact of an MPA on specific populations of exploited fishes due to the 
growing concern of over-fishing. Unexploited species have received less attention 
because of their apparent lack in commercial and recreational value. However, this does 
not mean that they are not important components of coastal ecosystems. Intertidal 
fishes are valuable components of coastal biodiversity (Beldade et al. 2006), and part of 
the endemic ichthyofauna of this region (Penrith 1970). Resident intertidal fishes are 
also integral components of near shore food webs (Horn et al. 1999).   
Studies on the impacts of MPA implementation have been done previously but have 
concentrated on the impacts on exploited fish species and have resulted in varying 
conclusions. The intertidal fish community inside the SBMPA showed no signs of 
benefitting from protection. The close proximity of the sites and the substantial 
influence of the volume of the pools could have masked potential benefits but it is 
unlikely. These communities of fishes are not under any exploitation pressure and 
therefore do not benefit directly from the protection of an MPA that focuses on 
diminishing the effects of over-fishing and harvesting. 
CONCLUSIONS 
This study provided new information on intertidal fish communities in an area not 
previously studied. Part of this area included the Sardinia Bay MPA and although the 
benefits of this MPA could not be clearly demonstrated at this time, the long term 
benefit of having a protected area has yet to be shown. With increasing urbanising of 
expanding human populations, the need for MPAs is likely to increase and the 
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protection of the biodiversity of this area will be enhanced with MPAs situated in each 
of the marine bioregions. Furthermore, studies over a longer time period are needed to 
determine the impact of climate change on coastal biota. However, this study suggested 
that despite the correspondence with general biogeographic trends the fish 
communities have changed in composition during the last 30 years. The cause for these 
changes remains to be investigated. 
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